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THE DYNAMIC CONTROLS OF A HYDRAULIC PRESS

BY CONTROLLING THE PUMP MOTOR

Chapter 1 : Introduction

With the increasing demand for, the accurate control of

power, recent studies in the area of modern control theory

have concentrated on the design, and application of

control systems. This desire to control power has produced

interest in hydraulics, (Merrit, 1967, p.1>especially in

the field of manufacturing.

There are many unique features of hydraulic systems as

compared to electromechanical systems. Hydraulic systems

are dynamically stiff when compared to electromechanical

drives. This stiffness leads to little drop in the speed

of the ram as loads are applied. Using closed-loop

systems, this stiffness leads to better position control.
J)

(Merrit, 1967, p. 2). )Hydraulic systems are also superior

to mechanical and electrical systems in that the hydraulic

fluid of the system carries away the heat generated by

internal losses. This heat is a basic limitation of any

machine since it causes lubricants to deteriorate,

mechanical parts to seize, and insulation to break down as

temperature increases. This feature also permits lighter

6A I U
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components to be used since they do not have to withstand

the heat as well as the stress applied by the system. The

hydraulic fluid even acts as a lubricant and makes possible

long component life (Merrit, 1967, p.1). Hydraulic systems

introduce possibilities that, otherwise, may not exist

using electromechanical systems.

However, hydraulics systems do have several significant

disadvantages that limit their use. For adequate

performance, hydraulic components must have small allowable

tolerances resulting in high costs. Hydraulic systems are

messy since it is difficult to maintain a system free from

leaks. If a leak is large enough, total loss of fluid may

occur resulting in a complete loss of power and a great

deal of damage as well. This fact is the primary reason

for constant inspections of critical hydraulic systems in

such applications as aircraft systems. Contamination and

dirt within the hydraulic fluid can cause serious problems

by clogging valves and actuators resulting in severe loss

in performance and/or failure. Hydraulic control systems

are also limited in their sophistication because of the

complexity of hydraulic control analysis. Hydraulic

resistors, for instance, do not obey any simple law such as

Ohm's Law. There are endless details to consider with a

hydraulic resistor such as the Reynold's number, laminar or

turbulent flow, passage geometry, friction factors, and

discharge coefficients. Hydraulic systems are not very

- , ' € - , - - , ' " p. p .. " • K
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flexible, nor are they linear, and they are expensive at

low power ratings. Hydraulic control systems, on the

whole, are attractive control systems for significant power

levels and are often the only way to generate large,

controllable forces and pressures (Merrit, 1967, p.2-3.)

One manufacturing process particularly dependent on

hydraulics is press-forging. The process of press-forging

is an important operation for both shaping metals into

useful objects and manipulating the desired microstructure

of the object. While hammer-forging has been in use since

prehistoric times, it was not until 1861 that the first

successful hydraulic press, developed in Austria by the

Englishman John Haswell, was applied to press-forging

(Kobayashi, Herzog, Lapsley, & Thomsen, 1958). Since then

press-forgings have become a very integral part of

manufacturing such components as wings for aircraft.

Although press-forging has become a successful

manufacturing technique, the mechanics of the process are

still not completely known (Kobayashi,Herzog, et al.

1958). However, much work has been done to formulate

mathematical relationships to analyze the press-forging

process. Work done by Prandtl (1923), and later reexamined

by Hill (1950), Green (1951), Alexander (1955), and Bishop

(1958), analyzed the compression of an ideal plastic solid

in plane strain between rough dies and obtained a solution

for the stress distribution and average forging pressure.

-MM ,W 11 1111 IRA U *11* I. --- q



Hydraulic Press Control

Page 7

Further analysis was conducted on press-forging consisting

of a flat plate or solid disk which, from the results, was

apparently applicable to the forging flash of the press-

forging rather than the forging itself by Siebel (1953),

Nadai (1939), Sachs (1931), Schroeder and Webster (1949),

Hofman and Sachs (1953), and Stone (1953). Though, much

work and understanding has come from these investigations,

much more still needs to be learned (Kiuchi, 1986).

The process of press-forging requires constant

monitoring to produce both accurate shaping and the desired

work hardening and grain structure. This suggests computer

control for the process. This need for careful process

control has prompted this research project which is

concerned with developing computer control for a twenty-

five ton Walbash Hydraulic Press, model # 25-1212-2TMBACX.

The Walbash Hydraulic Press is a single speed, vertical

hydraulic press with heated platens. In the original

configuration, the oil is delivered to the cylinder by a

constant speed piston pump driven by a 3-phase AC motor.

This drive system produces a constant speed press which

makes it unacceptable for use in testing procedures since

variable speeds are needed to analyze the process of press-

forging.

There are two general schemes used to produce variable

speed hydraulic systems: servo valve control and pump-

motor control. Servo valve control is the most popular
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scheme of the two. The schematic for a typical servo valve

control system is presented in Figure 1. The control

system consists of a hydraulic pump, which pumps with

constant flow from a reservoir to two pressure

compensators, one acting as a relief valve to prevent over

loading of the pump and the other which compensates for

variations in pressure due to the load. The relief valve,

which is normally closed, exhausts into the reservoir. The

compensator, which is normally open, is in line with the

proportional flow control valve and receives its feedback

signal from the outlet of the control valve. The

proportional flow control valve meters the flow of fluid to

the directional control valve which, in turn, feeds the

cylinder. The directional control valve is responsible for

directing the flow to either retract or extend the

cylinder (Reed & Larman, 1985).

The pump-motor control scheme has many of the same

components as the servo valve control scheme but the flow

is governed by the output of the variable flow pump. A

schematic for this typical pump-motor control system is

shown in Figure 2. The flow is varied either through

mechanical means within the pump, by controlling the length

of its input stroke, or by varying the speed of the pump

(Yeaple, 1966, p.131-139). The flow then leaves the pump

and enters a relief valve, which exhausts to the reservoir

on overload, and a directional control valve. The flow,
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after being directed for either extension or retraction of

the ram, enters the cylinder where the work is performed

(Read et al. 1985).

The decision as to which system to implement for

control of the Walbash press involved many parameters such

as the present system's adaptability to the control system,

cost, and response time. System adaptability is an

extremely important aspect of this design. If the press

w31l not easily accommodate the changes required for this

modification then serious problems may occur with the

systems performance. If, for example, a servo valve was to

have been introduced into the system, the entire system

would have to have been renovated; hydraulic hoses would

have to have been cut, relief valves would have needed to

be installed, and the press would have to be physically

expanded since the servo valve would be much too large to

be contained within the original unit. Implementing

control of the pump-motor, on the other hand, merely meant

replacing the existing AC motor with an equivalent DC motor

and speed controller. The original pump for the system

could still be used since the pump has the characteristic

that, at a given pressure, the pump's delivery rate (CIPM)

was directly proportional to the shaft speed (RPM) of the

pump over a range of 500 to 4000 rpm, according to the

Barne Industrial Piston Pump Performance Data from the

Walbash Hydraulic Press Instruction/Service Manual.
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The cost of the control system was also a major

contributing factor to the selection of the control scheme

discussed in this thesis. Computer controllable servo

valves are extremely expensive for the pressure valves

required within a hydraulic press. This cost is on the

order of thousands of dollars. The pump-motor combination

is relatively inexpensive. A system that could be employed

on the Walbash Press, for example, would cost about seven

hundred dollars.

However, the response time of the proposed system is

significantly less than that possible with servo valve

control. This response time is the primary reason why the

servo valve is more common in the control of hydraulic
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systems. A hydraulic press with variable platen speed

using servo valve control is in operation at Wright State

University. Tests performed with this press showed servo

control to be an effective hydraulic control scheme. A

block diagram of this system is presented in Figure 3.

Also, in a paper on "Pneumatic Controllers" (Berends &

Tal's, 1968), a control scheme was presented that used a

servo valve and an integral action controller which

provided an even more effective control strategy. Both of

these systems used large servo valves to control the flow,

which made the response inversely proportional to the time

constant of the valve (Berends & Tal's, 1968).

However, the hydraulic press at Wright State University

took up approximately ten times the space of the Walbash

Press and was considerably more expensive. The Wright

State Hydraulic Press did have a number of extra components

and the heating system but the hydraulic system was still

considerably larger than the Walbash Press. Dr. Raghu

Srinivasan, a research associate at Wright State, said the

hydraulic press with the servo control and without the

heating system cost approximately thirty-five thousand

dollars.

For all of these reasons it was decided to explore the

design of a pump-motor control scheme. Controlling the

hydraulic pump's output has not been a popular control

scheme because of the system's large time constant. The

&MA
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unnecessary variables into the test. Cost, on the other

hand, must also be examined to ultimately present a

practical manufacturing process, after testing of the

process is complete. Thus, a test apparatus was set up to

study press-forgings. Two control schemes were considered,

servo valve and pump motor control. After a brief cost-

benefit analysis, the pump-motor control system was

selected as a possible control system for this process.

An analytical study of the system using block diagrams

and numerical techniques will be presented in chapter 2. A

suitable system was designed and installed on the Walbash

hydraulic press. The performance of this system was

measured and the results are presented in chapter 3. A

discussion of the results are presented in chapter 4. In

addition some final conclusions about the pump-motor

control system are also presented.

V'A
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Chapter 2 : Analytical Analysis

The time-domain response of a pump-motor controlled

hydraulic press was studied to predict its typical output

and control characteristics. The pump-motor controlled

press used the velocity of the ram compared with the

proposed velocity of the ram to calculate the speed of the

DC motor mounted to the hydraulic pump. A block diagram of

the press is presented in figure 4.

Sensrvo

Raw Control ~e~ukCn~o S~
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To analysis this system, the following parameters were

identified:

DC Motor Torque T (t)m

Torque Constant of Motor K.=0.554 N-m/A
1

Inductance of Armature L = Negligiblea

Resistance of Armature R =1.09 Ohmsa

Armature Voltage ea (t)

Armature Current I (t)a

Back EMF Voltage eb (t)

Angular Velocity of Motor w (t)m

Inertia of System J=1.0 N-m-sec2

Friction of System B= Negligible

These parameters were found and calculated in a number

of ways. The torque constant of the motor was found using

a prony brake setup. The motor was mounted to the prony

brake, which measures the stall torque, and voltage was put

across the armature of the motor. Measuring the current

going into the armature, and using the following formula

the stall torque constant can be determined (Kuo, 1987,

p.328):

T (t) = K. I (t) Ellm i a
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Using equation E13, table 1 was setup:

Stall Torque IN-m] Amperes EA] K. IN-m/A]

0.602 1.0 0.602
0.8642 1.6 0.526
1.203 2.2 0.547

1.234 2.3 0.536

1.534 2.8 0.548
1.805 3.4 0.531

Ave Ki = 0.544 [N-m/A)

Table 1 : Torque Constant Calculations

The inductance of the motor was assumed negligible because

the effect of the inductance on the system is generally

small. Therefore, for simplistic reasons, the inductance of

the motor was assumed negligible (Thaler & Wilcox, 1966,

p.95-150) (Kuo, 1987, p.328). The resistance of the

armature was found using a multimeter across the windings.

The back emf constant is exactly the same, dimensionally

and numerically, as the torque constant of the motor if SI

units are used (Thaler L Wilcox, 1966, p.108). The inertia

of the system was found experimentally by comparing the

press performance results and the Analytical data. The

friction of the system was also a difficult quantity to

find. The forces created by friction, however, are

negligible when compared to the forces created by the

torque of the motor and the force of the press. Thus, the

frictional effects were neglected.

With the basic system parameters defined, the equations

of the system had to be formulated. The permanent magnet

DC motor has four primary equations to describe its

-* .. . -. --.. ' .- . .. _ .-- , .. . , ie- % % %. __ -. " .'.- . '- c%
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performance (Kuo, 1987, p. 3 2 8 ).

T (t) = K. I (t) [13
m I a

d I Ct)

a = R I (t) - e (t) + e (t) [23
dta a a b

eb (t) = k b W(t) [33

d w (t)

d t m = -B w (t) + T (t) [43d tm m

Combining these equations and dropping the negligible

terms, the differential equation that describes the

permanent magnet DC motor is:

d w (t) k.2 k.
m + I (t) [-5e t) 153

d t R m R aa a

The motor controller was simulated next. The primary

characteristic of the motor controller is its ability to

output a voltage to the motor proportional to the input

reference voltage; see appendix 5 for the specifics on the

motor controller used for this control system. This

proportionality constant would also be affected by the

amplification of the motor controller reference input

within the computer controlling the entire system. Thus,

the equation for the motor controller is:

e (t) = K e.(t) [63

a p I

where

K = Proportionality Constant of Motor
P

Controller
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e. it) = Input reference voltage

The hydraulic press is an extremely complicated system

compared to the electrical system. Viscous friction of the

hydraulic fluid, sliding friction produced by the cylinder

and pumo, and the fluid compressibility cause serious

nonlinearities and inconsistencies (Olson, 1980). However,

for the purpose of simplicity, the velocity of the ram is

assumed to be proportional to the angular velocity of the

motor and the difference between the actual velocity and

the velocity predicted using this assumption is the error

of the assumption, which will be neglected for simplistic

reasons. Thus, the equation of the hydraulic press

performance was assumed to be:

V (t) = K w (t) - Eit) [73
r p m

where

V (t) = Velocity of the ramr

K h = Proportionality constant

E(t) = Error caused by inconsistencies and

nonlinearities (Assume zero)

The proportionality constant of the hydraulic system was

found simply by measuring the velocity of the ram versus

the angular velocity of the motor. It was found to be

approximately 0.01 [in/rad].
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To adequately control the system, feedback must be

present. The velocity of the ram is, therefore, fed back

to the input using negative feedback. This feedback must be

scaled and fine tuned, for stability, by means of a

proportionality constant. The equations for the feedback

were:

e (t) = K V (t) Is]

e.(t) e(t) - ef(t) [9]

where

ef(t) = feedback signal

K l = Scaling-tuning proportionality

constant

e(t) = Input signal to the control system

After applying equations [63 through [9] to equation

[53, the differential equation which describes the dynamics

of the entire hydraulic press control system is:

J d V (t) K K K K.2 ) K. K
r i p I I V (t) = e(t) [10)

K d t Ra Ra K Ra

This equation describes the control system but does not

take into account the slower time response of hydraulics as

opposed to electrical systems since for simplistic reasons

we assumed linear characteristics for the hydraulic
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components. The motor controller is also a time limiting

component. Therefore, within the numerical analysis, a

time delay was installed to compensate for this time lag.

The amount of time delay was computed experimentally by

comparing plots of the numerical analysis versus plots of

the output from the press.

A control system design packages TUTSIM, was used to

simulate the response of this control system and to examine

its performance. The output of a simulation is presented

in figure 5 which displays the velocity of the ram versus

time.

The proportionality constants, K and K p, were computed

through comparison of the TUTSIM output to the output of

the control system installed on the press. Figure 6 shows

a typical output from the sensors attached to the actual

hydraulic press control system. TUTSIM was run in

conjunction with the control system in order to find the

optimum values for K 1 and K . The final values for K and

K were approximately 100.0 and 12.0, respectively.P

This control system is greatly simplified. It does not

include the inconsistencies or nonlinearities of the

hydraulic system, or the nonlinearities of the electrical

system. However, these errors should not introduce so

large an error into the system that the feedback control

system cannot compensate for it.

m . * l
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Figure 5: TUTSIM Control System Simulation OutPut
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Figure 6: Walbash Hydraulic Press Control Output
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Chapter 3: The Control System

The control system for the Walbash hydraulic press was

developed at the same time as the numerical analysis of the

system was evaluated. The control system had certain

physical constraints that had to be considered within the

numerical analysis such as the motor controller

proportionality constant, the hydraulic system time

constant and any other factors which effect both analyses.

However, before the analysis of the system could be

performed, the control system components had to be ordered

and set up. The Walbash hydraulic press originally had a

one horsepower, 1725 rpm, AC motor driving the hydraulic

pump. The control strategy to be employed on this press

called for a variable speed pump-motor combination. Since

the pump was a piston pump and had the characteristic that

the output flow rate was proportional to the input speed

and for reasons of control and ease of adaptability to the

present press set up, the AC motor was replaced with an

equivalent DC motor, a one horsepower, 1725 rpm, Electrol

series M-46 permanent magnet DC motor. A picture of the DC

motor installed on the press is presented in figure 7. To

control this motor, the manufacturer suggested its Electrol

D-Trol series 754, single phase, adjustable speed DC motor

control with the A-42 option to which allows interfacing to
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Figure 7: Electrol Series M-46 Permanent Magnet DC Motor

Installed on the Walbash Press.
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a computer. The specifications and various other features

of this motor and motor controller are contained in

Appendix 6.

To incorporate feedback into the control system to

accurately control the speed of the press, the position and

velocity of the ram had to be monitored. Thus, a position

transducer, a Houston Scientific International series 1850

was selected to complete this task. The postion of the ram

was measured while the velocity was calculated by

performing a differentiation within the computer. The

specifications for this transducer are located in Appendix

5. As purchased, the position sensor was not directly

interfaceable with the computer, the signal output was too

small (millivolts) for precise results, and there was a

considerable amount of electrical noise within the sensor.

So, a filter-amplification circuit was designed and built

to filter out the noise in the sensor as well as amplify

the output voltage for greater precision. A schematic of

the circuit is located in Figure 8. The circuit makes use

of two operational amplifiers: one to filter the input

signal by decreasing the output voltage of the signals as

the frequency of the signals increase making it ideal for

DC applications, and another to amplify the signal to a

voltage the computer can interpret with greater precision.

mm n m m J |.
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A Houston Scientific International load cell was also

installed for later testing. It also uses the circuit in

Figure 8 for filtering and amplification of its output

signal.

For the computer to communicate with these devices,

analog to digital (A/D) and digital to analog (D/A)

converters were installed in the computer controlling the

process. MetraByte's Dash-8 A/D converter and DAC-02 D/A

converter were selected for the conversions. Part of the

manual for the Dash-8 is located in appendix 7 which gives

instructions for software used to control the AID converter

as well as specifications about the A/D converter. The

manual for the DAC-02 D/A converter is presented in

'ro ,r"0 red
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Appendix 8. This manual also gives specifications and

programming instructions to control the D/A converter.

The motor controller, D/A converter, A/D converter, and

position sensor and filter circuit were connected to an IBM

compatible computer for central control of the system.

Before the computer could control the process, a number of

other programs had to be developed and deployed to find

particular control variables required for the press control

program. A program named "STEADY.BAS" found the

proportionality constant of the no load velocity of the ram

as a function of the input voltage to the motor

controller. The program listing is located in Appendix 3.

This program was used to analyze data from which the steady

no load velocity / voltage constant was calculated. The

value was found to be approximately 12 [volts-sec/in).

Another program, "CALIBRAT.BAS", was run to find the linear

function that converted the signal from the position

transducer into the signal required for the linear

displacement of the ram using the method of least squares.

The program listing and sample output are presented in

Appendix 4. From the output, the actual function for the

distance between platens (H) versus the input signal from

the position transducer read by the A/D converter (AD) was:

H [in] = 0.01092075 * AD - 1.18604 [11)

*%
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Figure 9: Walbash Hydraulic Press Set Up
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Both of these programs produce key variables for the

central control program of the entire press. A picture of

the Walbash hydraulic press with the control system is

presented in Figure 9. The source code for the control

program has been documented and is located in Appendix 1

along with a sample of the output. Within the program, the

constants for calibration and fine tuning are initialized

first. The program then asks the user to input the control

algorithm, either a constant velocity function,

exponentially decaying function, or an arbitrary function

from a data file. If a constant velocity or exponentially

decaying function is selected then the user inputs the

function constants. If an arbitrary function from a data

file is chosen, the user is asked to supply the name of the

data file. This data file can be created using a data file

creator program, "DATAFILE.BAS", documented in Appendix 2.

The data is then read from the data file and the control

function is set up.

The initialization of the A/D converter is next. The

Dash-B A/D converter comes with a basic subroutine which

can be used to control the A/D conversion. This software,

however, must be loaded as a binary file. Using this

subroutine, the A/D converter is initialized, the channels

being used are selected, and the A/D converter is set up

for conversion. For more information on this software,

consult the software manual, Appendix 7.
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The user is then asked to turn the press on by pulling

the red start/stop button on the press and is informed that

the ram can be moved into position on the billet. By

pressing any key the operation can toggle the position of

the ram prior to running a test.

The press is now ready to complete its task of

compressing the billet at the desired velocity. The test

will begin at the press of a key. Anytime during the test,

the press can be stopped by pressing any key. The control

loop is now executed. The time is read off the computer's

internal clock. The position and load are then read by the

A/D converter with adjustments added from the calibration

variables from the position calibration program. The

velocity is then calculated using finite differencing. The

ideal velocity is also calculated from the control function

and the error in the response of the press is estimated.

This error is amplified by a feedback constant and added to

the ideal velocity so that if, for example, the error is

negative, which means the velocity is too large, the output

signal to the motor controller will reflect this error.

This adjusted velocity is then output to the motor

controller through the D/A converter. For more information

on the DAC-02 D/A converter software, consult the manual

located in Appendix 8. The position of the press is then

checked to see if it is less than the minimum platen

distance. If it is not and no key has been pressed, the
'I

.
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control loop continues and starts over again by reading the

computer's internal clock and reading the position and load

of the ram. It takes the computer approximately 100

milliseconds to perform one control cycle.

When the control loop eventually ends, the user is told

to hit any key to return the ram, and then told to push the

start/stop button to turn off the press.

Graphing the results is important and must be accurate

for testing of materials. The plots constructed by the

system software are the displacement versus time, the

velocity versus time, and the load versus time graphs. In

each case the boarders of the graph are set up, then the

magnitude of each scale are calculated and linear functions

are defined to plot the data. The data read by the A/D

converter is plotted using small circles to show its

experimental origin. A best fit curve is then constructed

by means of the least squares technique and then plotted.

For the position and the velocity curves, the proposed

curve is then plotted to compare the results to that

obtained in the experiment. Samples of each graph are

located in Appendix 1 along with the documented source code

for the central control program (the load cell is presently

malfunctioning). After each graph is plotted there is a

pause and if a hard copy is desired, the "Prt Sc" key is

used. If not, hitting any key clears the screer and the

next graph will be plotted. At the conclusion of the

°.
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program the user is asked if he/she wants to continue. If

yes, the entire program is rerun.

This control system makes use of much of the existing

hardware of the hydraulic press. The close ram button has

been replaced by a relay controlled by the computer and

the open ram button has been bypassed by the computer.

This allows the computer to control the direction the ram

travels. When the relay is closed the ram is closing and

will continue in that direction until the relay is opened

which will cause a change in direction opening the ram.

The start/stop button was not computer controlled in case

of emergency and the press had to be shut down and/or

stopped. All the other functions, such as the heater

controls, have not been disturbed and can still be used on

an uncontrolled basis.

The control system is versatile and can, with a few

minor adjustments, be converted to any other pump-motor

controlled hydraulic system.

p
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Chapter 4: Error Analysis and Conclusion

The control system moved the ram at the specified

velocity but not without a number of problems. The

calculation of the velocity using numerical differentiation

caused serious instability problems. The magnitude of the

velocity also effected the performance of the press. And,

the imperfections within the press produced errors within

the feedback loop.

The calculation of the velocity was a very important

part to the control of the system. Initially, the velocity

was calculated using an ordinary finite difference

technique with delta T equal to the time between retrieving

data from the A/D converter.

V(t) = (X(t) - X(t-1)} / {T(t) - T(t-1)} [12]

The results of this control technique are graphically

displayed in a plot of the velocity versus time located in

Figure 10. As can be seen from the graph, the velocity

appeared to be extremely inconsistent. But, if the

displacement curve is examined, Figure 11, the plot shows a

better correlation with the proposed data. This erratic

behavior on the part of the velocity is not all from the

press movement, as can be seen, but primarily from the

U,
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Figure 10: Ordinary Finite Differenze Control Results
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Figure 11: Ordinary Finite Difference Control Results

Position vs Time
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Figure 12: Averaging Finite Difference Control Results
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numerical differentiation. The numerical derivative

calculation used such a small step size that a small change

in position produced a large change in velocity. Thus, the

step size was increased by using previous positions along

with the most recent position to calculate the velocity.

V(t) = {X(t) - X(t-5)) / (T(t) - T(t-5)) [13]

The previous position results used to finally control this

press were the positions five readings before the most

recent reading. Results of this control technique are

located in Figure 12. The graph improved but could be even

better if the sensor measuring the position was a velocity

transducer because there still is considerable error within

the numerical differentiation. Also, the position sensor

makes use of a cable which, when the ram starts to move,

"snaps" and causes a glitch which can be seen on the

displacement versus time graph in figure 13. This glitch

causes severe velocity calculation errors which could be

corrected by a velocity transducer.

The magnitude of the velocity also causes problems in

the performance of the press. The ram velocity is

extremely limited because of the characteristics of the DC

motor. At slow ram speeds, below 0.3 [in/sJ, the DC motor

controller limits the current to the motor producing not

enough torque to effectively move the press at the control

a.
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Figure 13: Example of Press Start Up "Snap" i
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Figure 14: Example of Low Speed Ram Oscillations
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Figure 15: Example of an Intermediate Glitch
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speed. Thus, the feedback causes the motor speed to

oscillate as can be seen in figure 14. The motor should

either be replaced with a motor with more low end torque or

a gear box should be installed to increase the torque at

lower output speeds. A similar result occurs during the

application of a load. The billet being tested by the

press produces a variable load which causes the oscillation

of the platen of the press. The magnitude of this

oscillation is dependent on the linearity of the load and

the magnitude of force required by the press to accomplish

the test. Once the maximum force of the press is reached,

-. the speed decreases or stops completely with the attempted

continuation of the test. This error is dependent on the

hydraulic system's capacity and the motor selected. This

present DC motor and controller were chosen using the

specifications of the original AC motor which was not

designed to operate at such slow speeds or at overload

conditions.

The velocity of the ram is also affected by the

imperfections of the press. Glitches caused by the main

cylinder hanging up and the motor overcompensating for the

increase in resistance causes serious velocity problems.

Figure 15 shows an example of this intermediate glitch. As

the press warms up these glitches tend to disappear but the

oil temperature increases causing? changes in the physical

characteristics of the system. The motor velocity to ram
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velocity ratio changes slightly due to the decrease in the

viscosity of the oil. If a multigrade hydraulic oil could

be used, this change could be diminished.

Overall, the performance of the press is satisfactory.

If a velocity transducer was used, the feedback signal

would be of better quality thus increasing the accuracy of

the press's velocity profile. The TUTSIM output shows no

stability problems but it also showed that the response I

could be improved. If more transducers were available to

measure the velocity, position, and acceleration a

proportional-integral-derivative (PID) controller could be

utilized. This control scheme could decrease response time

and the amount of overshoot. The future of this press is

consigned to the user and to the allowable error for the

tests which the user will be conducting.

'V

.5
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10 CLEAR, '.9152'
20 variaole initialization
30 '

40 k'EV OFF

50 START=O: VA=1.092075E-02 VB=-1.18604 : FACT=.03 :
I-.=0: J%=2: XMIN= 4.5 : VDMAX=0: STEADY=12! : XMAX=O : K=.l
:PRE=O : DELAY=10
60 LMAX=O0 :VMAX=0
70 DIM T(200'), V(2000), ARRAY%(2), LT%(2),
X(2000) ,L(2000)
30 OLS : LOCATE 5,25 : PRINT "HYDRAULIC PRESS CONTROL"
90 LOCATE 10,25 PRINT "Select Control Algcrithm:"
100 LOCATE 12,30 PRINT '(1) VJout = A * exo(-B * t)"
110 LOCATE 13,30 PRINT "(2) Vcut from a Data File."
120 LOCATE 15,15 PRINT "Note - For constant velocity,
enter (1) with B=0."

130 LOCATE 17,25 : INPUT A%
140 ON A% GGTO 160, 210
150 LOCATE 13,25 :PRINT "REENTER 1 or 2 " 3CTO 90
160 LOCATE 20,25 : INPUT "Input function Constarts A,3";A,B
170 DEr- *NVOUT(X)=A*EXP(-B*.X.
180 DEF FNXOUT(T)=ABSA/B-X'I)-A!B*EP(-B*T)
1Q0 IF (B-.00001)<= THEN DEF FNXOUT(T)=X( 1-A*T
200 GOTO 270
210 LOCATE 20.25 : INPUT 7nput Data File name':D$
220 OPEN "I",#iD$
23C. INPUT # 1 , L% : D I M 7D... VD L%/)
2-0 FOR 2%=I TO L,%
250 INPUT #I,TD(2"),7D':% : VDMAXKVD2%) T.)EN

VDMAX =VD (Z%
2=0 NEXT
27C DEF SEG=O
290 SG=256*PEEK (&H51 I +PEE'<.H510)
290 SG=49 152 / I I SG
300 DE* SEG=SG
310 SLOAD "dasrS. in,.
3209 ZE SEG=SG

35C :ni -iaiize Routiire and Scar LiMrits

36o BAAR'= H330

390 CALL D
C IF CLG-4. ,C, THEN i'P "P n tia zatio n Error ';T-L-: :

-- TOS'.O MC;",= !
2C 7T';'
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STOP
40 CLS : LOCATE 10.10 : PRINT "Pull start/stop button on

the press then hit any key to continue.''
470 IF INKEY'$="" THEN 470
480 CLS : LOCATE 10,20 : PRINT 'Move press into pcsitonn by
pressing any key."

490 IF INKEY$=.. THEN 4.90
500 OUT &H270,240 : OUT &H271,255

510 CLS : LOCATE 10,30 : PRINT "Hit a:- :ev to stoo press."

520 IF INKEV$=- ' THEN 520
530 OUT &H270,0 OUT &H271,0
540 CLS : LOCATE 10,30 : PRINT "Hit any key to begin test"

550 IF INKEY$="" THEN 550
560 CLS : LOCATE 10,25 : PRINT "Hit ary key to stop press"
570 START=TIMER MD%=13 : OP%=.

580 CALL DASH8(MD%,OP%,FLAG).)
500 IF FLAG.'./O THEN PRINT "Press start Er-or ";FLAG%:
STOP

600 MD%=4
b I 0 '

i20 Control Loop
630

640 i%=I 1 1
650 FOR II =  TO DELAY

b60 NEXT II
b70( Tk I%)=TIMER-START

80 CALL oASHe M0%,ARRAY%(o).FLAG',:
DASH8 MD%,ARRAY% ( !) ,FLAG%)

690 IF FLAG%<>O THEN PRINT "Conversion Er-or ";FLAG%: STOP
700 IF I%=i THEN L(1)=(-.00244*2.44143E-

03*ARRAY%( i )+.01)*1000*19000 X1=V*ASRRAY/(> ;VB':
X(I%)=Xl : V(1)=O : GOTO 640 %
710 X2=VA*ABS(ARRAY%(O))+VB XI( IF XMAX<X(t 7HEN

XMAX=X ( 1M

720 V( I%)= X2-X / (T( I%)-TI I-I"
730 I I%5 THEN =Z'+I : V(.% = 3S,' ,. . x "- '
- '. +';5 , ))'

'35 IF 2%>3 THEN X/.=7_ 'i .IXI T"_ .<2=XI- T Z
: Yi=' ',+ G (V (7%/,., : =;Y T 71", - C l2 2

40 IF VMAX ABS V(I')) THEN VMAX=AS(W(. 1
750 L( I%)=(-.O024 *2.44143E-O3*ARRAY*, ! }. - 1"

760 : LMAXL(i%) THEN LMAX=L(I%)

-70 xl=X2
780 IF I'=1 THEN V VOT FNVGUT T, t1'. i3 GOTO 3 00
700 [F- T I % <T J THEN VOUDT VD7 -',D,"- I TD
rD J - 1) *T ( I " -V D ( J') - ( 1) ( J( VD - i IT' .7. -- D .P7'-

D*TD' J. E) E ./.i : IF j%/:L. THEU -K E E :

32; ' -E=, -'.,CLT- -

N.CU" - T TEZD

. -'','V # , : v. ,.-, .- 4",4': ' ,,b:' -'.,-; ;h , ;-'6, :', ', ,,_.: :. .'., .. ,.:% .,:w, :'..N ; ,,,'.-.:, ,.-',:. .1:. 5:-*
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a30 IF VOUT>10 THEN VCUT=IO
3 340 IF VOUT<O THEN VCUT=0
950 D=INT(4095/10*VCUTh
860 DH%.=INT(D/./16)
G7) DL%=D%-16*DH%
e80 DLY=lO*DL%
990 OUT &H270,DL%
9CC OUT &H271,DH%
I) IF ((X2)XMIN) AND (A!<>"s5o ") ND (INKEY$=') T-4EN

o 0

20 OUT &H270,0 : OUT &H2-1,0
o30 CLS : LOCATE 10,20 : PRINT H an, -ey to return
press."
940 IF INKEYS=.. THEN 940
Z50
9c0 ' return and stop press

o80 MD%=13 : QP%=O
0' CALL DASH8(MD%,OP%,FLAG;')

1)00 IF FLAG%<>O THEN PRINT "Press retu-n error G

1010 D%.=4095

l':20 DH%;=INT(D;%/,1-
i")30 D ,. ,. I D
1I20 DL%=16*DL%

1050 OUT &H270,DL
1060 OUT &H271,DH.
070 CLS : LOCATE 10,10 PR:NT 'Push start/stop Duttcn 7,'

press then hit any key to continue.'
1060 IF INKEY$="" THEN 1080
1090 TMAX=T(I%+)5

1100
.110 Set up Graph - Displacement vs -ie

11,20
1130 SCREEN 3

1 140 LINE ' 100,0-( I00,340)

1150 LINE (0,300)-(-700,300)
i i LINE (0,0)-'700,340) , ,B
'-0 LOCATE 23,10 : RINT "0"
11_C LOCATE 24.44 : PRINT "Time (sec

1190 N%=2 :NN%=
1200o " =N'- 1
121) 1F XMAX < 10"INl THEN 1200
12-0 NN/N=NN'.+ 1
12'30 IF NN%< TNT( xMMA.,-M . THEN I,20 E9SE Nt:NNt- E
12-2- IF NN -= MEN S=..25 ELSE 7F N =6 T-E i 3=.5 ELSE

' 50 vSCALE=N %.. D, N

LS , Ez=,S =

F% .:, z : p t. , , ' " [ t
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~3~0 LJC~TE 34.a25-+.5 5 PR;:NT UIG *#"~

13 '0 LCAE 2,2 :PRINT "Cisp lacernent L- !-.1 < i;"'
32, XS%=W*OO'TiX + I O

i3330 LINE *XS%,300)-(<S%,305-
134+0 LOCATE 23,XSY./720*eO PRINT USING #":

:36o IF K4Kr<1~x THEN 1320
l_;C FOR J".=! 'O ".

Xi2% = vSCALE-(f% *300' NSCALE
1-I IF Ji.=1 THiEN LINE y,0-'7 lu/*

CIRCLE lT(J*,.).xJ~. 3 t3OTO 11430

1.I0 LINE -TJ)~(V),,.FS

I 42f0 CIRCLE T k7%), ' J ),3

4C NExT J

'eS YCALE-FN(2uTC jl2%- 10)*7M('0 *30,0, 'SCALE,
~ J I~- L INIE 1 %. YCALE-FN)hXL' -

0 ~ ~ .1.~U bC() 3,00'(SCALE)
-&IF j%.'<'00) THEN .'460

1,91) LOCATE 2,'+0D PPINJT 'PY-c:)ose : D.-.rlacemr't
1 - LOCATE 3,41) PR:NT "Actual CDsplaceme'it -va

;: .- 5C4EN3r: k25.=-Y&1oc42l ... TIine

2~ CLINCE .30, 2 ~'D, 3c

155:0 S~et C.0 -%W'.0 - eoiy/*zn

S~1LCAE 33: RT0
!52D CLS'~44 : ~ > S=
5 IN ) 1 (0

1 N 'I -N* 3'-0 , (_(

L N C , 4) 3

3 Cd I NNr'". ~T TM I1 CN iEN E'N=r-

ThJ CA = 2 -n S:= ___ -- NE-

-* E~V ~
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1760 LOCATE 2,2 : PRINT "Velocity [in/sJ (xl0";N%;")"

1770 XS%=K%*600/TMAX+100

1780 LINE (XS%,300)-(XS%,305)
1790 LOCATE 23,XS%/720*80 : PRINT USING "##";K%

1800 K%=K% 5
1810 IF K%<TMAX THEN 1770

1820 FOR J%=1 TO Z%

1830 V(J%)=(YSCALE-V(J%))*300/YSCALE
1840 CIRCLE (T(J%),V(J%)),3
1850 NEXT J%.
1860 C=(ZZ%*XY-XI*YI)/(ZZ%*XI2-XI^2)

1870 D=(YI*XI2-XY*XI)/(ZZ%*XI2-XI"2) : D=EXP(D) %

1880 DEF FNEEXP(X)=(YSCALE-D*EXP(C*(X-
100)*TMAX/600))*300/YSCALE 

%

1885 J%=110 : LINE (J%,FNEEXP(J%))-(J%,FNEEXP(J%))

1890 J%=J%+20 : LINE -(J%,FNEEXP(J%)),,,LHFFOO
1895 IF J%<700 THEN 1890
1910 IF A%=2 THEN 1960
1920 J%=101 : LINE (100,300)-(J%,(YSCALE-FNVOUT((J%-

100)*TMAX/600))*300/YSCALE)

1930 J%=J%+1 : LINE -(J%,(YSCALE-FNVOUT((J%-
100)*TMAX/600))*300/YSCALE)

1940 IF J%<700 THEN 1930

1950 GOTO 2030
1960 J%=2

1970 FOR M=1 TO L%

1980 TD(M)=TD(M)*600/TMAX +100

1990 VD(M)=(YSCALE-VD(M))*300/YSCALE

2000 IF M=1 THEN LINE(100,300)-(TD(M),VD(M)) GOTO 2020

2010 LINE -(TD(M),VD(M))

2020 NEXT M
2030 LOCATE 2,40 : PRINT "Proposed Control Curve"

2040 LOCATE 3,40 : PRINT "Actual Control Curve"

2050 LINE (585,28)-(675,28)
2060 LINE (585,42)-(675,42) ,,,&HFFOO

2070 CIRCLE (630,42),3
2080 IF INKEY$=.. THEN 2080

2090
2100 ' Graph - load vs time

2110

2120 SCREEN 3

2130 CLS

2140 LINE (100,0)-(100,340)
2150 LINE (0,300)-(700,300)

2160 LINE (0,0)-(700,340),,B

2170 LOCATE 23,10 : PRINT "0"
2180 LOCATE 24,44 : PRINT "time [sec]"; *

2190 N%=6 : NN%=O : K%=5 YS=O

2200 N%=N%--

2210 IF LMAX<(IO^N%) THEN 2200

2220 NN%=NN+1

% * . . • • • -5.-I
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23230 I F I~ INT (LMAX*1 -N' THEN 2220 ELSE N~NY+
224.0 IF NN/.-'=3 THEN S=.25 ELSE IF NNY.(6 THEN S=.5 ELSE

2250 VSCALE=NN%*1O-N%

2260 YS=YS+S

2270 'Y%=(NNY-S)*300/NN%
2260 LINE (95,YY)-1l00,Y/.)
2290 LOCATE (Y%4/346*25-.5,,S PRINT USING '#.##";'S

2300 1IF .IJT Y'S+S+. 0CV I N' THEN 2260
2310 LOCATE 2,2 :PRINT 'Loaci E1tf.] ~0~N.~
732 0 XS%=K%*00,/TMAXK+ IDO
2330 LINE (XS,',300)-(X9S%.305<

2340 LOCATE 23,XSY./720*.90 :PRINT USING "~~'

2350 K!IK.*5

230IF K/.(TMAX THEN 2320

23"0 FOR M=l TO 1%

23aO L(M)=(YSCALE-L(M))*30, 'SCALE

239C IF M1l THEN LINE(100,30'>l-(T(M),L-(M;):SCTC 2410

2400 LINE -cT(M).LM%

E410 CIRCLE (T(M).L(M),.2
2,'20 \iE xT M
24.30 OUT &H270,0

F-440 OUT IH271 ,
2:450 IF T NK<EYS=' THEN 2450
2: 4oO SCREEN 0.0),0

2-f0 LOCATE 10.15 : IPUJT 'vui _i iie anotrier -- in

2430 IF AS="~/" THEN 1) %

24--)( END

kdimkn S.
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Displacement [in] (48'A 9 )Proposed Displacumnt Curve_____
Actual Displacement Curve - --

9.98.

8.980 1i

-• I

4.90

1.92

III

cTimel (sec) (;r

3.98 .1-
,1 '.4

' .ee

1.88

ITime (s5:

81

l,.
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Uelocity [in/si (x18-1 ) Proposed Control Curve

Actual Control Curve
6.80

j 0

2.86

- C;

IC

4.BP . -

N. . " A-q

2."80"N.. C' ¢

0". ."x' . -

0" "~.- C; "o_

I '' - - ..

Time isec)

-t
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*l -

Load I Ibf. I x×IF " S)

, ________________________4.SY

.3.S@

2. SO

iso

4-.S

1.8Cr 1

',

4-.9 515
t ise [ sec ]

:'a4-

VI.

a. ., ,.,.,.,.,.. . . , ,,.-,.- .':" . . ".-.:''v . . , . . . . '....-.., ,.,.- .. ' ." -,' -" .'"."'"
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Apoendi,( 2

Data File Creator Program

"D'atafi le.as"

U,
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10 Data File Creator

20
30 CLS :LOCATE 10,30 : PRINT "Data File Creator"

40 PRINT : INPUT "Name of Data File-;A$

50 OPEN "O",#2,A$

60 INPUT "Enter number of points to be used";L
70 PRINT #2,L

30 FOR I=1 TO L :%
90 CLS : LOCATE 10,30 PRINT "Group #";1;": ";: INPUT

'Enter T,V";TV
100 PRINT #2,T,V
110 NEXT I

120 CLOSE #2

%p

'p.

.
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Append ix 3

! Steady State Velocity Program
:.i - ii"Steady 

. as"

NO

-6

i. v.-" "V

-,J 'Ta .. .,,.

:p 
m v . r%, *,. \
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10 ' Steady state velocity vs Input voltage
20 KEY OFF
30 CLEA~R,49152!
40 N=O: XY=0: X=0: Y=O: X2=0: ADMAX=O: HMAX=O
50 DIM H(3000), AD(3000), LT%(2), ARRAY~'.(2)
6C DIM V(3000)
70
80 ' Load and Initialize 4A/D Converter
90
100 DEF SEG=O
110 SG=256*PEEK(&H5ll1+PEEK(&H5.0,
120 SG=49l521./16+SG
130 DEF SEG=SG
140 BLOADdash8.b in' ,0
150 DEF SEG=S3
160 DPASHe=0
170 MD%=()
180 BASiADR%=&H330
190 CALL DASH ( MD% , ASADR% ,FLAG*/.)
200 IF FLA"%<0 THEN PRINT "Initialization error ";R7LAG
STOP
210 MD'/'=l
220 LT%(:)0=
23C LT%(l)=l
240 CALL DASH8 (MD%.,LT" (0) , FL7A)/
250 IF FLZ2G%K>0O THEN PRINT "Multiplexer Scan Error ' ;FLAG,.
:STOP

260 CLS LOCA~TE 10,10 :PRINT "Pull start/stop button on
press then hit any key to continue"
2710 IF IN\KEY$='-' THEN 270
280O MD%=13 :OPY.1 CA~LL DASHe(mD/.,OP*.,FLAG/.)
290 IF FLAG%.> THEN PRINT 'Press start error 'FA,
STOP
300 MD%=4 :I%=1

*310 INPUT 'volts";V :V=V*-05/10
320 DH=INT(V/16)
330 DL7/.=INTY'-16*DH /*
3:40 DL%=l6*DL.
3:5: OUT &H270,DL.
360 OUT &r1271,DH%
370 START=T'MER :TOLD=( %(
330 TNEL=T7MER-START

390 CALL DAH ,M% RAY, ')F'LAC-, CAL
DASHB(MD%,gARRAY%, U ,FLAG*%)
400 XNEW=ARRAY"'.'.0

*41f) T-F TCLD=0 7HE-'4 XCLD=XNEW : 1LD=TJEW' L30T0, 3C20,

L 4 c$(L4~0C i*J

T7Lf, F-EE
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470 PRINT XNEW

480 IF XNEW>1O.5 THEN 380
490 MD%=13 : 0P%=0 : CALL DASHS(MD%,OP%,FAG,.)

500 VV=O

510 FOR J=1 TO 1%

520 VV=VV+V(J)
530 NEXT
540 VV=VV/I%

550 PRINT VV/V
560 IF INKEY$=.. THEN 50

570 OUT &H270,0
580 OUT &H271,0
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Appendix 4

Position Calibration Program

"Calibrat.bas" with Sammle Output

%
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10 " Position Calibration Using Least Squares

20 KEY OFF

30 CLEAR,49152!
40 N=O: XY=O: X=O: Y=O: X2=0: ADMAX=O: HMAX=O

50 DIM H(3000), AD(3000), LT%(2), ARRAY%(2)
60 '

70 ' Load and Initialize A/D Converter
80

90 DEF SEG=O
100 SG=256*PEEK(&H51l)-PEEK(&H510)
110 SG=49152!/16+SG

120 DEF SEG=SG
130 BLOAD"dash8.bin",0

140 DEF SEG=SG

150 DASH8=0
160 MD%=O
170 BASADR%=&H330

180 CALL DASH8(MD/,BASADR%,FLAG%)

190 IF FLAG%<>O THEN PRINT "Initialization error ";FLAG% :
STOP

200 MD%=!
210 LT%(O)=O

220 LT%(1)=l
230 CALL DASHe(MD%,LT.(O),FLAG%)

240 IF FLAG%>O THEN PRINT "Multiplexer Scan Error ';FLAG%
: STOP
250 CLS : LOCATE 10,10 :PRINT "Pull start/stop nutton on
press then hit any key to continue"
260 IF INKEY$="" THEN 260
270 MD%=13 : OP%=I : CALL DASH8(MD%,0P%,FLAG%)
280 IF FLAG%<>O THEN PRINT "Press start error ";FLAG%
STCP
290 MD%=4 : I%1

300 1
310 ' Calibration Loop

320
330 CALL DASH8(MD%,ARRAY%(O),FLAG*) : CALL
DASH8 (MD-.,ARRAY*,.(I) , FLAG3*)

340 IF FLAG%<>O THEN PRINT Conversion Erro!- 'FLAG,; ' on
step ";p% STOP
350 CLS : LOCATE 10,10
360 INPUT "Enter Distance between Platens [in]";H(I%)
370 IF H(I%)>HMAX THEN HMAX=H(I%)
380 AD(I%)=ABSkARRAY%(O))

390 IF AD(I%)> ADMAX THEN ADMAX=AD(VJ

400 XY=XY+H( .r )*AD(I,'.
410 X=X AD(%

420 Y=YH(T I)

450 DL=CO5-iA*DHD

LN WLle
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460 DL%= 16*DL%
470 OUT &H270,DL%

480 OUT &H271,DH%
490 FOR J=1 TO 1000

500 NEXT J

510 DL%=O : DH%=O

520 OUT &H270,DL%
530 OUT &H271,DH%
540 i%=I%+l

550 LOCATE 20,11
560 INPUT "Check the clamp light. Is it on (y/n)";A$

570 IF A$="n" THEN 330

580 '
590 ' return press

600 1
610 MD%=13 : OP%=O

620 CALL DASH8(MD%,OP%,FLAG%)

630 IF FLAG%<>O THEN PRINT "Press return error ";FLAG%
STOP
640 DH%=INT(4095/16)

00 DL%=4095-16*DH%
660 DL%=1o*DL%

670 OUT &H270,DL%
680 OUT &H271.DH%
690 CLS : LCCATE 10,10
700 PRINT "Push stop/start button on press then hit any key

to continue."
710 IF INKEY$="" THEN 710

720 '
730 ' Plot Graph

740
750 SCREEN 3

760 LINE (100,0)-(100,340)
7g0 LINE (0,300)-(700,300)

780 LINE (0,0)-(700,340),,@

790 LOCATE 23,10 : PRINT "0"
SO N!'3 NN%=0 : YS=)

230 2 HMA/ ( 10-N%) THEN 3lo

830 NN%=NN' . I
34 IF NN%<INT(HMAX*10'(-N%) THEN 830 ELSE NN'.=NN% i
850 IF NN,<=3 THEN 3=.25 ELSE IF NN%'=e THEN S=.5 ELSE 5=1
St) YSCALE=NN%* 10"N%
370 S=YS+S
28 ,; v.= (NN%-YS *300/NN%
Sq(D LINE % 95./%)-( 1O0,Y*:
4,00 LOCATE (Y"/ .348*25-.5 .5 , ',SiT U ING , ;,,€

, " C 000. ,i ,
Y 3 -3 (D 7-L~i

-r t
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940O N%/=N*/-1 qe"

960 NN%=NN%+l

970 IF NN%,'.INT(ADMAX*1> -,-N'. ) THEN ~CE-SE N/-NN*'l.-

960 IF NN%(=3 THEN S=2! ELSE IF NN'j/.,=b 'HEN -==.q- ELSE S=11.

990 XSCALE=NN%* 10"
1000 YS=YS+S
1020 Y%=NS*6Y/NN00V05
1010 LINE Y60NN%+1003C

100IF INT(Y~SS+.O01i .NN% THEN 100Cj

100FOR 3=1 TO 11.-l

1070 H(J)=(YSCALE-HtJ))4300/YSCALE
1060e AD(J)=AD( J)*600/XSCALE*+(0
1090 CIRCLE (AD(J:.H(Jj,,3
1100 NEXT 3
1110 1

1120 Least Sq~uares Tec!hnique

1150

-60 DEF FNF(X)=3 CLE-(V*XSCLE>t KC.',(-

-D0/BY ) *30Cl/ Vc3CALE

310 LIN,\E 1,AD (1 .1 E,1)-4 71 ) Y2

I 1IQ0 LOCATE 3,4C :P R I1,'r H VA Ayi D 9

1200 LOCpATE 4,-0 :PRIN- "Using t1e, LeaSt Squa'-es
TeCi que-
1210 IF INl<EYS="- THEN 1210

1220 OUT &H270,0

!230 OUT &H2?1,0

1240O SCREEN 0,q o
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Plater Distance [in] (xlgA I
1.75 H -4.776222E-82 AD + 1. B I,-8221

Using the Least Squares Technique

1.2S

1. BE ..

8.75 .

@.so

p 8. s 1.88 I.Se 2.8. 2 3.82 3.58
A "[ Converter Outp..t X'

V
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Appendix 5

Position Sensor Data

L',

[',

II

.5
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POSITION TRANSDUCER
1850 SERIES
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8PIMIICATIONII:

General
Range- (see note 1) 0-2 to 0-500 inches
Weight: (see rnote 2) Is oz ( to 60 iche")
C4111111: Aluminum
Sensing Element* Hytorid-Coflductive

Plastic Potentiometer
Connector (K) PTO2A-10-6P

%Mating Connector: (optional) (K) PTO6A-10-6S
Electrical

Input Resistance
Circuit A 1000 Ohms
Circuit a 1.2K Ohms

Output Resistance:
Circuit A 0-1000 Ohms (variable)
Circuit a 0.99K Ohms

Excitation Voltage, 20 volts max AC or DC
tisulation Resistance- 50 Meg Ohms (min.) at 50 VDC

Performance
Resolution: Essentially infinite
Sensitivity. (refer to table)
Thermal Effects- (ses note 3)

Zero 0.002%' F
Span 0.002%/ *F

Environmentat
Temperature range: -67 to *2570 F
Humidity: 95% FIN at 750 F
Shock. 100 G'stfor I1I ms
Vibration: 10 G's at 2000 Hz

I "f to iOuble for aiae.Gar daptiacfmnts
For dapiammwwnit grsatar mran thom samo consult factory2 Fer aendic usqt. c~ af actory

3 Okr oeprariur rang* from -47 to ?2S7F
4 N161 rwV. nghlt io -ing &IVY Alle Ol SP*CitiCAtoiswoorvout noice for 9Wa puwpoosg. cti cicl a'evoilliaat

sanceriigni of mow proaiJci for torw cusafoir

Ap

a. OP1THONS: (d te bae prfim)
-01 Environmental Configurations -10 Flying Lead Cable

(D) Oustproof (FL) Unit supplied with
(R) Ruggedized hard wired Cable to

-W Cable Exits: specified length
(SE) SI@e exit (lets connector)

*(BE) Bottom exit I1I Displacement Length
-03 Precision Linearity (DL1 User specification

(PL) Better than .05% FS. -12 Brealt-Away Cabie Kit
-04 Circuit Configuration. (BC) Over extension

Difterentiall bridge damage prevention
(B) Bottom end zero (not for use on
(C) Center zero hign G unitsil
(0) Top end zero -13 Bellows-Cable Protection

-W5 Acceleration, (BP) Cable release
(50G) Hig" G acceleration damage prevention

-06 Connector Position -14 Explosion Proof
(CT) Connector top (EP) Consult factory
(Cal Connector bottom -15 Two Wire Transmitter
(CE) Connector end (420) 4-2OmA signal output

%
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PERFORMANCE

$25 -- 1o t 12 10122P232

i.A I3 €:J . Ibu r. 11 U U: wi W ;I £ 6 ; D . 7

ISO- . 2 40 400 33 31 525 ,1 462 2W 6 l b 13 , 353 243 35

ladW 471 24 76 52S 47 4s6d 20D 26w l b 132 25' 243 2S
188-10 , 10 I 223 41 13 525 4?5 4ID 2 CID 262 106 132 I5) 243 PS

law 15 Is W d , 1b 2 ,4 ?1 b5 7 4 75 40U 7 D 2 &1 t IOb 132 251 1743 1 5

- ;. 0 As .1 105 71 ', S r n Alb &CID ICID 22 1 ,55 132 257 1243 125

l66220 30 32 lOS7 2' 26. 52 475 O62 7W 26 lb 5513 2S57.23 125
IS O 4 0 2 5 0 5 IV 2 ,25 4 75 4 C I t o 240 M 132 2 57 2 &3 2 S !

la So S___ G 2 5 2CD22 5 132 2S7 243 2

16 03 b 25 47S 4W 2W0 262 55 132 21' fS3CI 2b~
l 0 7 a2 33 1 6 70 5 7 5 S o 3 37 4 75 w 1 79 25 7 3 1 25

19 023 33 4 50 GM SS SOD 33? 475 f 176 257 30D 25
662 121 125 75 01? 26 61 462 755 O 6 5 312 Si? 421 lt ? 561 25

1a -0 I50 64 014 42 224 a iSO5 I6l 616 312 s1 421 21 3 m61 25

1iaw6-Is la0 53 oil 35 77 14250 66S2G 31?2 I 21 172751

065 -200 W O 1 4a 01o 24 305 $ 50 875 a6 l 4S 575 10b 4 1 1 27 46 W a

165250S C 2W 39 ON6 24 312 SW2 ITS 66 425 S25 16 494 257 4 OD 25

1643300 30O 31 W27 32 3.-1 650 87S 862 426 $5 l b 40 257 462 2S
,350 1 .50 2 , 06 31 332 60 a' 400,* 425 5 106 $,1, '

60 24 0% 31 S. 7 J~1 675 1 SOD 425 &2s I _%_4 257 J 525 25

IM&N WO 9 O 3.-L. 3" sti ago 67% [1m110z1 25 b 7W

A CIRCUIT B CIRCUIT

1.-

%'A F

I

e 1
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ORDERING INFORMATION:-
Position transducers may be ordered from Houston Scientific by stating the Model number, the

displacement length. and tha parenthesised notations frorr the options list for any additional option
eeowrements. See ezample below.

S50-15ADRPL4OGFL-MM (denotes motor type)
(option) Flying lead cable

-(option) Acceleration
(option) Precision linearity

Acrut(B. C & 0 optional)%

____________________________________________________ DiO splacement length

NOTE
A 11111aS C~ii oft U*Citv *110n ardernng WMiW0 COWSfi 10 aeO1 MOICKfi rmquvea11IwNKS
* ~4im consifci. 4KIPTOSA104S soid sopaereiv
C Speciss dnm &no iiAmiciooon awesiabie upor equi

E ll OrdeS are si*,eCI io minvIS &Mi COditsia Of HSI Only

STATEMENT OF OUALITY ASSURANCE:

Houston Scientific is traceable to the National Bureau of Standards. Htouston Scientific is also in
Compliance with the United States Goverment Military Standards MIL-1-45206. for Inspection system.
and MIL-C-45M62. for Calibration systems, for thei purposes of provioding the highest possiblef quality to
our customers.

Houston Scientific als provides the following precsionl products and aervices

FORCE MEASUREMENT SPECIAL SERVICES
Compression load cells System and applications engineering
Sub-miniature force washers Custom desin aevvicsl
Tension load cells Digital readouts and indicators A
Precision load cells O.E.M. production
Low capacity load washers CAIBRATION SERVICES

LUNEA MEASUREMENT Analysis and repear
velocity transducers Compression
Position/vlity, tranauor Tension
Digital franeduce's; Linear displacement 5

NBS traceability I~1

4=~ oveonU Flow / Ham~oon 'Tam& "a*5 USA
17131681-4631 Toes 792 211

fnm~oS



Hydraulic Press Control

Page 71

I4m0 Diects ft"
S-' -" B J~on Seienl le/ Houston T..sUSA 7M. %

l, ,. .. J INTRNATIONAL. INC _ 13--_3 1 Lx_2,,_ _

CALIBRATION CERTIFICATION
14 U POSiTiON TRANSDUCER oc...

1150 POSITION VELOCITY TRANSDUCER

135 I VELOCITY TRANSDUCER

, O... NUT IU6IER ./.."7-, L /-,, -'-, ---"7 --

.( I -' r Y CIRCUIT
'JIUNUBE I -S tI'A -1 DATE-/.ZTSEY

~~?MTNUM3ERJOB z l/- c oe~ 7? APPMOVED Y-

WIIAL NUMBER Z POTENTIOMETER NO I, ',.;

':- .MDUA(UM CABLE TRAVEL J /, INCHES TACHOMETER NO ' /-" __ TACH OUTPUT 44'
NOMINAL RES4STANCE . OHMS INPUT 4 . OHMS OUTPUT
• WIMuUM EXCITATION VOLTAGE VOLTS a - of d C TESTED AT ; VOLTS D C

r ":DISPLACEMENT. OF IDCATED REAIGS
- FULL SCALE IN INCHES IND-CATE READINGS

I -:, ..
2001 Il PT

tz- 0% 3r P

sG~~4s - - IPT___I~ _fL .
.. 100% 51h PT

SENSITIVITY 2a.2..." . MILLIVOLTS I VOLT I INCH (FULL SCALE - ZERO ISPLACEMEN - INPUT VOLTAGE .

FULL DISPLACEMENTI

jWI TO END POTENTIOMETER RESISTANCE - PINS 1& 3 1-4222.? t .

CAUTION I

,% ,.

DO NOT RiLEASE THE ACTUATING CABLE FOR FREE TRAVEL RE IURN
MAXIMJM RATED CABLE ACCELERATION IS Y.,-G b "
DAMAGE TO THE TRANSDUCER MAY RESUL T IF THIS LIMIT IS NOZ OBSERVED

STATEMENT OF CERTIFICATION
THIS IS TO CENTIFY THE rOIlrWNro. Oicr ArrM| N1 MrASUREMfNT DFVICE WAS CALIBRATEII ON TmiS nAI! AND OETfRMIN![D o
MEET GA EXCFED TI STAlED PROUuC' SPtCIFIrATONS "

LISRATION INSTRUMENTS USED An TRACEABLE TO THE NAIIONAI BUREAU 0 SIANOARl,.-

; (,. .- .
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?IU&L.I U14 '.,L: I LrJ I I II L 114 LkN.-O I A LJNML I NL.

HUU! IW4. TLXPS

INDIC~.1Ut. tLIL)LL 41: 2 -.

SHUNI LALlbkI-J1UN 0: ./v4

6 - JINI CAiL L 't-..T I ag

API-LIED PM, I I I N INLJIC~tTE) ON UISPLAV

o4mlI NICLo. 2.V I NCHL t.

4.urs INCHES. .99':. LNCHES.

S. v~t 1 INCHI~b. 7. 994) INCN*EL. V

10.LJo I NCHE 5. 10..54XI INLHuEki.

CAL eR I tU)V b)

b~b V.-kAZI.

I I Ib tic

-6V
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Appendix 6

Motor and Motor Controller
Specifications and Manual

ri

5;

*5 - S **q* %Ee
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SERIES M-46
PERMANENT MAGNET DC MOTORS

1/8 - 1 HP

tDrewsn2 A

,._7 - '- A,._ _ _'

IM f

UftdWwfiaNs Laborm. I1. aw

SERIES M46 - 1/8 to 1 HP - O AND 180V. ARM. - 56C FLANGE WITH REMOVABLE BASE

Annown Law Lamp IwLPeT No. HiP Volts RPM M Dutry E le A"I. AG Men LbI

I M.4610NV 1/8 90 . 725 1.45 1 CONr TFN'/ 7

"M_41 IU b _ 90 _1725 1.71 CON'r TENV 719 15

M .46126 1 4 90 1725 2. 5 CONT TEFy al 17
T, M.461211NV IM 9P0 ,1725 2.85 CONT TENV 7,86 1 ?

I -M4912ABINV 1/4 Ig0 1725 1.41 CONT rENv 7. 17

I M .4613B 1;3 90 172b _1 CONT TEFC 10.56 25
M M40136NV 1/: 90 1725 3.5 CONT TENV e..9 25

M.4613A5 1t3 ?w 1725 1.71 CONT TE FC 10.56
SU-46168 1/2 1 *9 1725 5.35 CON'! TEFC 10.56 2t

? M.4616$NV I r 172S __.iS CONT TENV 11.69 25.
t M.416AB I 1 160 1725 2.,b CONT TEFC 10.56 25L
t M-461 99 3,4 90 1725 .1, CONT TEFC 12.56 2
t M-4819AD 314 .10 1725 3.5 CONY TEFC 12.56 3

t M.021A9 1 180 1725 6.35 j CONT j TEFC 1456 :39

",or supI with base, ba. can be Psechaud S Wately.

LELECTROL CO., INC. *P.O. BOX 29 *321 DEWEY ST. *YORK, PA 17405 ( 71718948-1722
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WPIRMIWO WTRUCTMM# I-OR WTIGoi A42

JLECTROLJPINW S imi Cbwm

Dsmmt 31. 1984

ELI CTROL Pioces ot e rofe? whti soved profil camaewe"eS has IIIdv
mOwwnhmnmeed of 0 IVOIC. .e oi4 20 MA IDC. Oiwes inout fmen
0.- 200VDC o,0 - 4S MADC Pro snouciakl win dip swthf mind vim
adnetryme plat. flisore is vir'ded as ulandsed 0~~e a sdpjale
I 13.5VDC and ACoowv- miou mialecabe 'o* IIVACore23OVAC
tor easy I gold Ma lOr, Input wedteae Ce~ereei475 Ohm, volage
10K - 200K ohm

Took resmed.

1. very N)snlibriaget blade mewrwei
2. Digital solmse v m on 2 to 20VOC waie

The VpoCe sonttot P.C. Soaed Isa Vfey Wp,~, oentrol L P..d'alp Ste
Ien se .01 et a volt. Pfecte misswwee are reewd to me fts P.C. 5

board vo, 9% following the paved.,. btkve. you well teond an sent
Wl-Ws 61 telallimly @a%,

I Pot Ongespiso0-
Entry Pot
fall Pot
Entry Speed
Emit Soeed
Set Point Oc.1
Set Point mystergies, Pot
Gasin Pot

IELECTROL CO.. WC. *2 UI DEYI 3 . YORK. PA 170M 17171 SI M~i

:%5
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WARRANTY

ALL products manufactured by MetraByte are warranted
against detective materiaLs and workmanship for a period '
of One Year from the date of deLivery to the original
purchaser. Any product that is found to be defective .
within the warranty period wiLl, at the option of 
Metrasyte, be repaired or reptaced. This warranty does I
not appLy to products damaged by improper use. I

! WARNING

MetraByte Corporation assumes no liability to damages
consequent to the use of this product. This product is
not designed with components of a Level of reLiabiLity
suitabLe for use in Life support systems.

------------------------------------------------------------------------

MetraByte Corporation, 440 MyLes Standish Boulevard, Taunton
Has&. 02780 U.S.A. Phone: (617) - 580 - 3000 TeLex: 503969
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Chapter I ."

INTRODUCT ION

p

1.1 SUMMARY OF DASH-8 FUNCTIONS.

KetraByte's DASH-8 is an 8 channel 12 bit high speed A/D %

converter and timer/counter board for the IBM P.C.1  The DASH-S board
is 5' long and can be fitted in a "halfe slot. All connections are
made through a standard 37 pin D male connector that projects through
the rear of the computer. The following functions are implemented on
the DASH-8:-

1. An 8 channel, 12 bit successive approximation A/D converter with
sample/hold. The full scale input of each channel is #/-S volts
with a resolution of 0.00244 volts (2.44 millivolts). Inputs are
single ended with a common ground and can withstand a continuous
overload of */-30 volts and brief transients of several hundred
volts. All inputs are fail safe i.e. open circuit when the
computer power is off. A/D conversion time is typically 25
microseconds (35 microseconds max.) and depending on the speed
of the software driver, throughputs of up to 30,000 channels/sec
are attainable.

2. An 8253 programmable counter timer provides periodic interrupts
for the A/D converter and can additionally be used for event
counting, pulse and waveform generation, frequency and period
measurement etc. There are three separate 16 bit down counters
in the 8253. One of these is connected to a submultiple of the
system clock, and all 1/0 functions of the remaining two are
accessible to the user. Input frequencies up to 2MHZ can be

handled by the 82532

3. 7 bits of TTL digital 1/O are provided composed of one output
port of 4 bits and one input port of 3 bits.

----

1. Registered trademark of International Business Machines
Corporation.

2. Cotitact MetraByte for higher input frequency requirements

%I%
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4. 1 precision #10.00v (./-O.lv) reference voltage output is derived
from the A/D converter reference. This output can source/sink
ImA.

5. An external interrupt input is provided that can select any of
the IBM P.C. interrupt levels 2-7 and allow user programmed
interrupt routines to provide background data acquisition or
interrupt driven control. The DASH-S includes status and control
registers that make interrupt handshaking a simple procedure.
The interrupt input may be externally connected to the
timer/counter or any other trigger source.

6. IBM P.C. buss power (-5, +12 & -12v) is provided along with all
other I/O connections on the rear connector. This makes for
simple addition of user designed interfaces, input signal
conditioning circuits, expansion multiplexers etc.

The following utility software for DASH-8 is provided on a
single sided PC-DOS 1.10 format 5-1/40 floppy disk Jupward compatible
with DOS 2.0):-

1) A machine language I/O driver (DASHS.BIN) for control of A/D, timer
and digital I/O channel functions via BASIC CALL. The I/O driver N
can select multiplexer channels, set scan limits, perform software
commanded AID conversions, Interrupt driven conversions and scans,
set and read the timer counter and measure frequency and period.
A source listing is available as an optional item (SLD-0) for the
assembly language programmer.

2) Data linearization.
3) Initial setup and installation aids.

34) Graphics package for display of processed data
5) Calibration and test programs.
6) Examples and demonstration programs.

Using state of the art data conversion components, the
DASH-S has been designed to provide a powerful and inexpensive
analog/digital interface on a single half slot board. It is ideally
suited to any application requiring high speed 12 bit data
acquisition at the lowest possible cost. The freedom from complexity
and the I/0 mapped control make programming straightforward.
Applications include data logging, process control, signal analysis,
robotics, energy management, product testing, digitizers and touch
screens, laboratory and medical instrumentation etc. A system block
diagram appears in Fig. 1.1.

To extend the capabilities of DASH-S the following
expansion modules can be connected via flat insulation displacement
cable to the main 37 pin D 1/0 connector:-

3. Color graphics board required.

-2-
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1) SCREW TERMINAL CONNECTOR BOARD - All 1/O lines on
the rear connector are connected to miniature screw
terminal connectors. The digital I/O port lines are
monitored by L.E.D.'s and a small breadboard area with
*/-12v & *5v power is available for amplifiers, filters,
and other user supplied circuits. The screw terminal
connector board is MetraByte part number STA-08.

2) EXPANSION MULTIPLEXER AND INSTRUMENTATION AMPLIFIER The
EXP-16 multiplexes 16 differential inputs to a single
analog output suitable for connection to any of the
analog input channels of DASH-S. EXP-16 boards are
cascadable so that up to 8 EXP-16 boards can be attached
to a single DASH-8 providing a total of 128 channels.
The expansion multiplexer board includes a low drift
instrumentation amplifier with preselected switchable
gains of 0.5.1,2.10,50,100,200 or 1000 (other gains can
be resistor programmed). A cold junction correction
sensor is also included for software compensation of
thermocouples which can be directly connected to EXP-16.
Open thermocouple detection hardware is also included.

3) THERMOLAB - This is a software package intended for use
with DASH-8 and up to 7 EXP-16('s) that provides up to
112 channels of thermocouple temperature measurement. The
temperature measurement system can accomodate JK.T,ES.
B, and A type thermocouples and different types may be
connected to different EXP-16 expanders and in some cases
to the same expander. The supplied software and hardware
performs cold junction compensation, linearization and
open thermocouple detection.

4) LABTECH NOTEBOOK - A powerful software package that
allows you to perform many functions of the laboratory
using a single set of tools. Data acquisition and process
control, storage and screen display of experimental data,
data manipulation and curve fitting are all placed at
your fingertips. All commands are menu driven and there
is no need to remember command names or sequences. Data

files generated by LABTECH NOTEBOOK4 are formatted for

direct link to LOTUS 1-2-3 5 providing the full analytical
power and graphing functions of LOTUS to your data
reduction. LABTECH NOTEBOOK is strongly recommended for
anyone involved in repetitive experimental data recording
and analysis, or those who wish to minimise programming

4. LABTECH NOTEBOOK is a trademark of Laboratory Technologies
Corporation, 328 Broadway, Cambridge, mass. 02137

5. LO'US 1-2-3 is a trademark of Lotus Development Corporation

-3-
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Chapter 2

INSTALLATION

2.1 BACKING UP THE DISK

The software supplied with DASH-8 if in DOS 1.10 single

sided (160K) format which is compatible with double sided and DOS

2.0. It is good practice to make a back up copy before using the
software. You can make a straight back up using DISKCOPY but since
you require Basic & PC-DOS to run the programs, it will save time if
you start with your DOS disk and format a new disk with the FORMAT IS
option. Next copy BASICA.COM onto the backup from your I.B.M. DOS
disk using COPY and finally use COPY *.* to copy the DASH-$ diskfiles onto the backup.

In step by step sequence:-

Insert DOS disk in drive A. Type:-

A> FORMAT IS

Insert new disk for backup copy as prompted by format.
Next when the DOS prompt returns, (on single drive
system replace back up with DOS disk) type:-

A> COPY BASICA.CON B:

Insert DASCOt-I master disk and type:-

A> COPY *.* B:

2.2 HARDWARE INSTALLATION

DASH-8 requires 9 consecutive address locations in I/O

space. Some I/O address locations will be occupied by internal 1/0
and your other peripheral cards, so to provide flexibility in

avoiding conflict with these devices DASH-8's 1/O address can be set
by the Base Address D.I.P. switch to be on an S bit boundary
anywhere in the I.B.M. P.C. decoded I/O space. This I/O address

- 5-
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space extends from decimal 256-1023 (Hex 100-3FF) which is many times
larger than is ever likely to be fully occupied. Such a large space
also allows use of more than one DASH-8 in a single computer.
Summarising the I/O address map on page 2-23 of the OIBM Technical
Reference Manuals:-

ADRESS HEX RANGE DEVICE

000-OFF All used by internal 1/0
200-20F Game I/O adapter
278-27F Reserved
2P8-2FF Reserved
320-32F Hard disk drive (P.C. XT only)
378-37F Parallel printer port
3B0-3BF IBM monochrome display

& parallel printer adapter
3F0-3F7 5 1/41n. disk drive adapter
3F8-3FF Asynchronous communications

adapter.

This covers the standard I/O options, but if you have other
1/O. peripherals e.g. . hard disk drives, special graphics boards.
prototype cards etc. they will also be sharing I/O address space.
Memory addressing is separate from I/O addressing so there is no
possible conflict with any add-on memory.

Usually, a good choices is to put the DASH-8 at base
address Hex &H300,&H308 or &H310 (Decimal 768,776,784). (Note if you
are using an IBM prototype board, it uses the Hex 300-31F address
space and would conflict, &H330 or &H340 would be a good choice in
this case). As an aid to setting the base address D.I.P. switchlocated just to the left above the gold plated edge connector, type:- .

A> BASICA INSTALL

When you get the *Desired base address?* prompt, type in your choice
in decimal or IBM &H- -- format end press return. The program will
round your address to the nearest 6 bit boundary, check for possible
conflicts with standard IBM I/O devices (and warn you if so) and draw
a picture of the correct positions of the toggles on the base address
DIP 3witch. If you like to understand the details, see Fig. 2.1 for
an explanation of base address switch settings.

INSTALL.BAS performs one further optional function. You
can generate a file named DASHS.ADR which contains the base I/O
address that you have selected. If your application programs read
this file instead of declaring the address in each program (list
LOADCALL.BAS to see how it's done), then should you wish to change
the board address in the future, all you have to do is alter the
DASHS.ADR file instead of altering dozens of application programs.
Your DASH8 disk comes with a DASH8.ADR file loaded with decimal 768
(Hex 300) which of course will be overwritten if you choose to
generate another address file when you run INSTALL.

-6-
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The next step is to remove the DASH-S board from its
protective electrostatic packaging and set the base address DIP
switch. It is a good precaution to discharge any electrostatic
charge you may have accumulated by touching the metal frame of your
computer. Also, at tnas stage, check that the interrupt level
selection jumper on header 32 is in the rightmost (X a inactive)
position.This makes certain that the DASH-& cannot initiate an
interrupt until you are fully familiar with the requirements of
interrupt operation (see Chapter 3).

TURN OFF THE POWER on your computer and remove the case
(See IBM "Guide to Operations" pages 5.5 & 5.6 if you are not already
expert at this maneuver). Remove a vacant back plate by undoing the
screw at the top and plug the DASH-S in and secure the backplate.
DASH-8 will fit in any of the regular full depth slots of the IBM
P.C. or the "half" slots of the IBM X.T. or Portable computer.% Installation is now complete. You may plug any of the DASH-8
accessories or your own cable into the 37 pin D connector on the
rear.

Remember, TURN OFF THe POWER whenever installing or
removing any peripheral board including the DASH-$. Failing to
observe this precaution can cause costly damage to the electronics of
your computer and/or the DASH-8 board.

If for any reason you later remove the DASH-8 board,
hetraByte recommends that you retain the special electrostatically
shielded packaging and use it for storage.

BASE ADDRESS

9 B 7 6 5 4 3

ON Babec address shown
see to 1*1300
(768 decimal)

Address Decimal
I Li ne Equivalent

-- A3 8
A4 16

A5 32

Ab 0

A7  128

A8 25t

A9 512
wlli, h. ae hdv. decxlaJ vd Iu, ds abovu, i n hwe 'ul f pusli lull.

t..- 'on' pLj to n, dc.ij c iut . zec..

.'I.AN /
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Chapter 3

PROGRAMUIG

3.1 PROGRAMMING DASH-8

At the lowest level, DASH-8 is programmed using I/O input
and output instructions. In BASIC these are the INP (X) and OUT X,Y
functions. Assembly language and most other high level languages
have equivalent instructions. Use of these functions usually
involves formatting data and dealing with absolute I/0 addresses.
Although not demanding, this can require many lines of code and
necessitates an understanding of the devices, data format and
architecture of the DASH-8. To simplify program generation, a
special 1/0 driver routine "DASHB.BINO is included in the DASH-8
software package. This may be accessed from BASIC by a single line
CALL statement. The various operating modes of the CALL routine
select all the functions of the DASH-8, format and error check data,
and perform frequently used sequences of instructions. An example is
Mode 4 which performs a sequence of operations required to perform an
A/D conversion, check AID status, read data and increment the
multiplexer, checking whether the upper scan limit has been exceeded
and if so, restoring the lower limit. A routine to perform this
operation in BASIC using INP's and OUT's would require many lines of
code, be rather slow and very tedious to program. All these problems
can be circumvented by:-

xxxlO NDI - 4 'select mode
xxx20 CALL DASH8 MD, D10%, FLAG%) 'does A/D conversion

and returns data in
DIOt, errors in FLAG%

Obviously the DASHB.BIN driver greatly reduces programming time and
effort. The driver also supports data collection on interrupt from
an external source or the DASH-S timer/counter. Note that BASIC has
no interrupt processing functions and interrupt (or background) data
collection is only available using the CALL routine. ",

Both methods of programming using INP and OUT functions and
the CALL routine are described and you are free to choose either
although usually the BASIC programmer will find the CALL routine much
simpler to implement.

.4
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3.1.1 1/0 ADDRESS MAP OF DASH-8

First of all let's take a look at the 1/0 address map of
the DASH-B:-

base Address * 0 AID Lo byte Start 8 bit AID conversion

* I A/D Hi byte Start 12 bit A/D conversion .

* 2 Read status Write control register

3V

•4 Read Counter 0 Load Counter 0 .

•5 Read Counter 1 Load Counter 1 "

V

S6 Read Counter 2 Load Counter 2 .

S7 -Counter sontror

Since the AID provides 12 bits of data, it requires 2 bytes to handle
each word of data. These are arranged in the order lo byte/hi byte .
which is mainly a convenience for assembly language programmers since
the the 8088 processor in the IBM PC accesses data in this sequence.
Now we know what's where, let's examine the data format of the"
registers and how data can be transferred using IMP's and OUT's.

3.1.2 STARTING THE A/D CONVERTER

An A/D conversion is initiated by writing to location BASE
ADDRESS - 0 or BASE ADDRESS * 1. If you write to BASE ADDRESS * O A a
full 12 bit A/D conversion is performed. Writing to BASE ADDRESS * 0
initiates a short cycle 8 bit conversion. A 12 bit conversion takes
no more than 35 microseconds to complete, a short cycle 8 bit

conversion takes less time and will not exceed 25 microseconds.
!These times are dependent on the type and manufacturer of AD574 A/D
converter used in your DASH-8 nd may be less, but will not exceed

the durations specified).

Starting an A/D conversion:-

i2 bits xxxA o OUT BASADRI 1, 0

8 bits xxxl0 OUT BASADRS, 0

eac wrdof at. hes ae rrnge i te ode l bye/i yt
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The data written to these locations is irrelevant and is lost, the
decoded address write pulse is in fact what starts the A/D.

3.1.3 READING THE A/D DATA

After the end of conversion the data from the A/D may be
read from locations BASE ADDRESS * 0 and BASE ADDRESS # 1. Data
follows the usual Intel low byte/hiqh byte sequence. BASE ADDRESS .
I contains the most significant 8 bits from the conversion:-

BIT POSITION D7 D6 05 D4 D3 D2 Dl DO %

(BASE ADDRESS * 1) 51 B2 13 B4 BS B6 B7 B8 I..

(SB).

The remaining 4 least significant bits followed by 4 zeroes are read
from BASE ADDRESS * 0

BIT POSITION D7 06 05 D4 D3 D2 D1 DO

(BASE ADDRESS 0) 39 310 311 812 0 0 0 0
(LSB)

The A/D data bits 11-B12 correspond to an offset b-nary code:-

BINARY HEX ANALOG INPUT VOLTAGE

0000 0000 0000 000 -5.0000 v (-Full scale)'
0000 0000 0001 001 -4.9976 v

0100 0000 0000 400 -2.5000 v (-1/2 scale)

1000 0000 00; 600 .1-0"v (zero)
1000 0000 0001 801 #0.0024 v

1100 0000 0000 coo +2.5000 v (+1/2 scale)

1111 1111 1111 FF 4.9976 v (.Full scale)

A sequence of BASIC INP instructions to redd the data would
be:-

-10-
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xxxlD INP(BASADR%), Xl,* 'read low byte
xxx20 INP(BASADR% # 1), XHI 'read high byte
xxx30 X% - XH1*16 * XLS/16 'combine bytes, X% - data

From this point you can turn the data in bits into volts or other
engineering units (start using re1l variables!):-

xxx40 V - Xt10/4096 'output * span/resolution
xxx50 V a V - 5 'subtract zero offset, -5.0000 v

If we were using an input amplifier or attenuator with gain
G, we could add another line to provide scaling:-

xxx60 V - V I G

3.1.4 THE DASH-8 STATUS REGISTER

The status register provides information on the operation
of DASH-S. It is a read only register at I/O location BASE ADDRESS *
2 and has the following format:-

BIT POSITION D7 06 05 D4 D3 D2 D1 DO

(BASE ADDRESS * 2) EOC IP3 IP2 IP1 IRQ MA2 MAI MAO

The bits have the following significance:-

EOC: End of Conversion. If EOC is high (Logic 1) the
A/D is busy performing a conversion. Data should
not be read in this condition as it will be
invalid. Wait for the EOC to return to logic 0
slg ,fying valid data available.

IP3 - IPl: These bits correspond to the three digital input
port lines IP3,1P2 and IPI. They may be used for
any digital data input.

IRQ: After generation of an interrupt to the
processor IRO is set to logic high (1). It is
reset to logic low (0) by a write to the contro
register. This provides a means of acknowled;;-
or "handshaking" DASH-8 interrupts.

- 11 -
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NA2-NAS: These bits provide the current analog

multiplexer channel address as follows:-

NA2 NKA RAO CHANNEL

0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

3.1.5 THE DASH-8 CONTROL REGISTER

The control register sets the multiplexer (channel)
address, enables and disables interrupts and provides output data to
the 4 general purpose digital outputs OPIoOp4. The control register
is a write only register located at I/0 address BASE &DDRESS * 2
(same location as status register). The data format of the control
register lot-

BIT POSITION D7 D6 DS D .4 3 2 01 Do

(BASE ADDRESS * 2) 0P4 OP3 0P2 01 INTE KA2 KAI MAO

The bits have the following significance:-

OP4-OPI: These bits correspond to the four general
purpose digital output lines OP thru OP4. These
lines can be used for external control functions
e.g. driving an input sub-multiplexer to
increase the number of analog input channels. A
16 channel mux. on each of DASH-U's 8 analog
channels can expand the system to 128 channels.

IINTE: DASH-8 generated interrupts are enabled onto any
of the selected IBM P.C. interrupt levels 2-7
if INTE a 1 ilogic high). Interrupts are
disabled if INTE a 0 (logic low). Interrupts
from the INT.IN input (pin 24) are passed
through to the selected level and are positive
edge triggered. It is the programmer's
responsibility to set up an interrupt handling
routine, interrupt vectors and initialize tht
82S9 interrupt controller on the IBM P.C.
processor board. writing to the control
register will clear the IRQ bit of the status

-12-
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register.

NA2-UA0: These bits select the current analog multiplexer

channel address as follows:-

KA2 Al1 MAO CHANNEL

0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 S
1 1 0 £
1 1 1 7

The multiplexer channel address can be
determined at any time by reading the status
register.

One further note about the control register. During power
up of the IBM P.C. when the USET line of the IBM P.C. is asserted,
the DASH-8 control register is cleared. This insures that DASU-S
interrupts are disabled, sets digital outputs OP1-4 to zero and sets
the multiplexer channel address to zero.

3.1.6 THE COUNTER TIMER REGISTERS

An 8253-5 programmable interval timer is used on DASH-S.
This is a very flexible device consisting of 3 separately
programmable 16 bit down counters that may be operated In a variety
of modes. A fuller description of the capabilities is in Chapter 4
(Counter Timer Operation) .For additional technical information on

this device, consult the "Intel Component Data Catalog,  or
equivalent manufacturer's data sheet.

From a programming standpoint addressing counter timer
functions is straightforward. The counter registers themselves are
read write and located at 1/0 addresses:-

BASE ADDRESS * 4 : Counter 0
BASE ADDRESS * 5 : Counter 1
BASE ADDRESS + 6 : Counter 2

Before reading or writing to the counter registers, you should write

6. Available from Intel Corporation, 3065 Bowers Avenue, Santa Clara,
CA. 95051. Phone 14061-987-8080

- 13 -
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to the counter timer Control register to define the operating mode of
each counter and the type of data transfer that you intend to make.
The counter timer control register is write only and located at BASE
ADDRESS * 7. it has the following format:-

BASE ADDRESS * : 8253 Control (Write only)

BSIT POSITION D?7 6 D5 04 D3 02 DI DO

(BASE ADDRESS * 7) SCI SCO RLI 1LO K12 Ml NO BCD

SCI-D: These are the Oselect counter" bits that control
which counter the folloving configuration bits
will operate on. The format for the SCI-O -bits
is:-

SC SCO Addressed Counter

0 0 Counter 0
o 1 Counter 1
1 0 Counter 2
1 1 Invalid

RLI-0: These are the wread/load* configuration bits
that control the form of the data transfer to
the selected counter. The format for the R.,1-0
bits is:-

RLI LO Data Zfer Operation

O 0 Counter latching operation
o 1 Read/load high byte
1 0 Read/load low byte
1 1 Read/load low then high byte

(2 byte transfer)
See Chapter 4 on Counter Timer Operation for a
fuller description of these data transfer modes.

K2-0: These are the selected counter operating mode
control bits. Their format is:-

K2 NI N: Counter Node

0 0 0 0 - Change on terminal count

0 0 1 1 - Programmable one-shot
0 1 0 2 - Rate generator
0 1 1 3 - Square wave generator
1 0 0 4 - Software triggered strobe
1 0 1 5 - Hardware triggered strobe

See Chapter 4 on Counter Timer Operation for a
fuller description of these operating modes.

BCD: This bit controls whether the selected counter
will count in binary or binary coded decimal

- 14 o
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(8,4.2,1 BCD) code.
BCD Counting Code

0 16 bit binary (S,5S3S max.count)
1 4 decade BCD (9,999 max. count)

3.1.7 SOME BASIC PROGRAMMING TIPS

Some BASIC Commands which you may not have used frequently
in the course of ordinary programming, but that are useful with
DASH-S are:-

1. WAIT port, nMom)

Data read at the port is exclusive-or'ed (XORed) with integer
expression O" and ANDe with On". If the result is zero,
BASIC loops back and tests the port again until a non-zero
result is obtained. This is an excellent way of making your
program wait until some desired input condition is attained.

2. ON TIMER (n) GOSUB line

This commnd Is only available in DOS 2.0. in effect it
provides you with a pseudo-interrupt. After execution of each
BASIC statement, BASIC checks the timer to see if the
condition >n ( 1 < n < 86.400 seconds ) is satisfied. If it
is, control passes to the subroutine, otherwise the next line
is executed. This polling of the timer is called trapping
and is activated by:-

TIMER ON

-Trapping is dlsbled by:-

TINER OFF

Note that trapping only occurs while your BASIC program is
executing (unlike a true interrupt) and can he slightly
delayed by statements that require a lot of execution time.
If you need to sample at long intervals the OH TINE command
is an alternative to using the internal DASH-S counter
timer.

3. If you wish to program an A/D conversion using BASIC IMP and
OUT rather than the more powerful CALL routine. the following
sequence should be followed:-

xxxl0 OUT BASADRS#2, HAS 'A% a channel numer, 0-7.
xxx20 OUT BASADRS*I, 0 'start 12 bit A/D conversion
xxx30 IF INP(BASADRS+2)>-128 GOTO xxx30 status test loop
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xxx40 XLI'INP(BASADR%) :XHSINPESASADR%.1) Iread A/D data
xxxS0 DIOS a 16*XHS # XLS/16 'combine bytes

Note that looping while the A/D converter in still busy
(line xxx3O) is not required in interpreted BASIC as the
Interpreter execution time greatly exceeds the A/D conversion
time of 35 microseconds max. However, if the program is
subsequently compiled using the BASIC COMPILER, the execution
time Is reduced to a point where the status test of line
xxx3O is essential to avoid returning erroneous data In line
xxx40.

3.2 LADING THE MACHINE LANGUAGE CALL ROUTINE ODASHS.BIN'

As you probably now realise, direct 1/O using BASIC INP and
OUT can be somewhat tedious to implement although a lot of the
required programming could be handled in subroutines. Use of the
CALL routine described in the this section avoids these problems.
circumvents some of the execution time delays of interpreted or
compiled BASIC, and also permits interrupt driven operations which
BASIC does not support.

In order to make use of the CALL routine 1DASKB.BZX0, It
must first be loaded into memory. You must avoid loading it over any
part of memory that is being used by another program e.g. BASIC,
print spoolers or "Disk-RAM'. if you do interfere with another
program's use of mesmory, the CALL routine will not work and your PC
will most likely hang up (Turn offI power and wait a few seconds
before turning on again). Note that the information given in this
section is general and would apply to loading any CALL or USR routine
and supplements the limited Information in Appendix C of the .. M
BASIC MANUAL6.7

You have two options depending on the size of your
available memory. The maximum memory segment that BASIC is able to
use is 643 bytes. If BASIC is using its maximum 64K you will get the
following message on power up or from DOS by entering A> BASICIA)

CASSETTE ?he IBM Personal Computer basic
BASIC Version C2.00 Copyright IBM Corp 1981

62940 Bytes free
Ok

BASIC The IBM Personal Computer Basic
(DOS 2.1) Version 01.10 Copyright IBM Corp. 1981, 1982

7. For further enlightenment on this subject see "The 9088
Connection* by Dan Rolling. page 390 of 6Byte' magazine, July 1993.
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61807 Bytes free
Ok

BASICA The IBM Personal Computer Basic
11DOS 1.1) Version A1.10 Copyright IBM Corp. 1981, 1982

61502 bytes free
Ok

BASICA The IBM Personal Computer Basic
IDOS 2.0) Version A2.0 Copyright IBM Corp. 1981, 1962, 1983

60865 Bytes free
Ok

When the number of memory bytes free is less than that shown above
for the version of BASIC in use, then your PC's memory Is already
fully utillsed and BASIC adjust& to this condition by using less than
its possible 64K maximum. If this Is the case, you must load the
CALL routine by further forced contraction of the BASIC workspace and
loading the routine at the and of the newly defined workspace.
DASN-6.BIN will occupy about 1.8K bytes but to keep things simple,
let's clear a 2K space for it.

Step 1 is to work out how much memory BASIC Is actually
using. Let's assume you see OXXXXX Bytes freeO after loading BASIC
as above. The amount of memory BASIC is using in then.*-

XXXIX * (65535 - 62940) bytes for CASSETTE BASIC
XXXXX * (65535 - 61807) bytes for BASIC (DOS 1.1)
XXXXX # (65535 - 61502) bytes for BASICA (DOS 1.1)
XXXXX * (653 - 60865) bytes for BASICA (DOS 2.0)

Now subtract 2048 (2K) from the above numer. The result is the
maximum amount of working space that can be allocated to BASIC with
the CALL routine loaded. (You always have the option to allocate
less working space if you wish.) Let's call the size of the
workspace US. This space can be allocated either when loading BASIC
from DOS e.g.t-

A) BASIC(AD IM:WS

or usually more conveniently at the beginning of a program by CLEAR
e.g.:-

xxxl0 CLEAR, WS

Next, we need to know what segment BASIC is Occupying in memory.
This can be found from the contents of memory locations 614511 and
&N4510 which hold the current BASIC segment which we can call SG. SG
can be determined as follows:-

xxx20 DEF SEC - 0 idefine current segment a 0000
before reading absolute
addresses 0000:0510 6 0000:051

0! Il -17 -
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xxx30 SG 2569PEEKI&IHS1) * PEEKI(&HSl)

The segment address at which we can can now load the CALL routine
will simply be at the end of the working space i.e.:-

xxx4O SG a WS/16 * SG ;remember segment addresses

are on 16 bit boundaries

The routine can now be loaded as follows:-

xxx50 DEF SEG a SG
xxx6O BLOAD 6DASHa.BIN,O ;loads routine at SG:0000

A BLOAD must be used as we are loading a binary Imachine
language) program. Once loaded, the CALL can be entered as many
times as needed in the program after initializing the call parameters
ND%, DIOS, FLAGI prior to the CALL sequence as follows:-

xxx7O DEF SEG - SG
xxxBO DASH$ a 0
xxx9O CALL DASH8 (NDI, DIO, FLAG)

Note that DASH$ is a variable that specifies the memory offset of the
starting address of the CALL routine from the current BASIC segment.
We have chosen DASH$ as a name as it makes CA"L DASKS easy to
remember and would distinguish it from any other CALL to some other
routine that might be in the same program. This Is purely a matter
of choice and programming style, just easier to remember than writing
CALL X ( ..... ) or CALL AB(3) ( ..... ) etc.. The variable DASH8 is
the offset (actually zero) from the current segment as defined by the
last DEV SEG statement that tells your BASIC interpreter where the
CALL routine is located. Be careful that you do not inadvertently
redefine the current segment somewhere in a program before entering
the CALL. It is good practice to immediately precede the CALL
statement by the appropriate DEF SEG statement (the same one you
preceded your BLOAD with) even at the cost of duplication. This
precaution can save a lot of wasted time and frustration from
crashing your computer!

Another important detail to understand is that CLEAR sets
working space from the bottom of the BASIC working area up whereas we
must set aside space for our subroutine from the top of available
memory down. If we attempt to CLEAR more space than is actually
available, we will end up loading our routine over the end of the
BASIC program, data space and stack and will hang up the computer.
Be careful this does not happen inadvertently if you are memory
limited and later load BASIC with DEBUG or some other coresident
program without making a compensating reduction in the workspace (US)
declaration in the CLEAR statement. If possible, setting up a
workspace that is a considerable amount less than the maximum
available is a simple precaution. This all sounds a little on the
complex side, but like all things it really isn't once you understand
what you are doing. To further assist you, run and list the file
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LOADCALL.AS. This gives you or examples of loading and using the
CALL routine and ready made loauiiii and initializing code that you
can merge into your own programs.

The second option is somewhat simpler to follow and applies
when you have plenty of memory and you are able to load the CALL
routine outside the BASIC workspace. In this case choose a segment
that has 2K bytes clear at its beginning. For example we might
choose &HI700 which is at 929 on a machine with a minimum of 969
memory. Then proceed as follows:-

xxxl0 DEF SEG a &HI700 'Sets up load segment
xxx20 BLOAD ODASH8.BIN.,O 'Loads at 1700:0000
xxx30 DASKS a 0

S.

U.

xxxXX DEF SEC a &KIl00
xxxyy CALL DASH$ (KOS, DIOS, FLAIS)
xxxzz etc.

An example of this approach is also contained in file LOADCAIL.BAS.
Before you try loading outside the workspace, be sure you really have
an unused 2K of memory at 92K. You can change the DZF SEG statements
in line 2010 and experiment with loading the CALL routine at other
locations. Usually any clash with another program's use of the same
memory results in obliteration of some of the routine code and a
failure to exit and return from the routine. The compater hangs up,
and the only cure is to switch off, wait a few seconds and turn on
the power again.

3.3 FORMAT OF THE CALL STATEMENT

If you are new to using CALL statements, this explanation
may assist you in understanding how the CALL transfers execution to
the machine language (binary) driver routine. Prior to entering the
CALL, the DEF SEC a SG statement sets the segment address at which
the CALL subroutine is located. The CALL statement for the DASHS.21N
driver must be of the form:-

xxxxx CALL DASH8 (MD%. DIOt, FLAGII

As explained in the previous section, DASH8 is the address offset
from the current segment of memory as defined in the last DEF SEG
statement. In all of our examples, we have chosen to define the
current segment to correspond with the starting address of the CALL
routine, therefore this offset is zero and DASHO - 0.

The three variables within brackets are known as the CALL
parameters. On executing the CALL, the addresses of the variables
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1pointers) are passed in the sequenrr written to SASIC's stack. The
CALL routine unloads these pointers from the stack and uses them to
locate the variables in SASIC's data space so data can be exchanged
with them. Three important format requirements must be met:-

1. - The CALL parameters are positional. The subroutine knows
nothing of the names of the variables, just their
locations from the order of their pointers on the stack.
if you write:-

xxxxx CALL DASHO (DIOS, RD%, FLAG%)

you will mix up the CALL routine, since it will
interpret DIOS as the mode number, the mode RD% as
the data etc.. The par ters mast almys be writtn
in the correct order:-

(mode, data, errors)

2. - The CALL routine expects its parameters to be integer
type variables and will write and read to the variables
on this assumption. If you slip up and use a non-integer
(real single or double precision) variable in the CALL
parameters, the routine will not function correctly.

3. - You cannot perform any arithmetic functions within the

parameter list brackets of the CALL statement e.g:-

CALL DASH8 (RD% * 2, DIOS * 8, FLAGS)

is illegal and will produce a syntax error.

4. - You cannot use constants for any of the parameters in the
CALL statement. The following is illegal:-

CALL DASM (7, 2, FLAGS)

This must be programmed as:-

xxxI0 MDt 7
xxx20 DIeO S 2
xxx30 CALL DASH (MD%, 010%, FLAG)

Apart from these restrictions, you can name the integer variables
what you want, the names in the examples are just convenient
mnemonics. Strictly, you should declare the variables before
executing the CALL. If you do not, the simple variables will be
declared by default on execution, but array variable obviously cannot
be dimensioned by default and must be dimensioned before the CALL to
pass data correctly If used as a CALL parameter. Some modes of the
CALL routine require that data is passed in an array. In this case
DIOI(0) should be specified as the data variable so that the CALL
routine can locate the position of the array.
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You can use some elegant techniques with the CALL
parameters. Lat's say we wanted to record or output a whole series
of data In a FOR. . . NZXT 1oop. YOU can dimension your DZOS
array as a two or more dimension array, for examples-

xxx00 Din DIO%(2,100)
tx=l0 DEF SEG SG

xxx20 FOR I a 0 to 100
xxx30 CALL DASNO INDS, DIO0,I), FLAGS)
xxx40 NEXT I

Likewise any of the other CALL parameters may be integer array
variables if required, and you can name any number of different
Integer data arrays for output and Input. It is O.K. to dimension
arrays with more elements than will be used by the CALL, unused
elements will be unchanged and as an example could be used for
tagging data with time, date or other information. If you wish to
transfer data into a particular element of an array then specify it
in the CALL parameter list) For example:-

xxxxx CALL DAS8 (NDS, NUT019,4), FLAG)

would transfer the data to element 9.4 of array PUTS.

3.4 EXAMPLES OF THE USE OF THE CALL ROUTINE

The following subsections give detail information and
examples of the use of the CALL routine in all 17 modes. The modes
are selected by the NDO parameter in the CALL as follows:-

NODE FUNCTION

0 . • . Initialize, input DASH-8 base address.

1 . . . Set multiplexer low & high scan limits.

2 . . . Set multiplexer (channel) address.

3 . . . Read multiplexer (channel) address.

4 . . . Perform a single A/D conversion
Return data and increment multiplexer address.

5 Perform an W conversion scan after trigger.
Scan rate set by Counter 2 or external strobe.

6 . . . Enable interrupt operation.

7 . . . Disable interrupt operation.
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S . . . Perform conversion& on V interrupts and
dump "ato in segment S of memory.
(background operation).

9 Unload data from segment S and transfer
to BASIC array variable.

10 . . . set timer/counter configuration.

11 . . . Load timer/counter.

12 . . . Read timer/counter.

13 . . . Read digital inputs 111-3.

14 . . . Output to digital outputs 011-4.

1s . . . Measure frequency with timer/counter.

16 . . . Measure period with timer/counter.

17 . . . Tag lower nybble of data with channel number.

3.4.1 MODE 0 - INITIALIZE

before using any other mode of the CALL routine, you must
acquaint the routine with the 1/0 location, or BASE ADDRESS, of the
DASH-$ board. Failure to provide this information will cause an
error f lag (FLAG& a 1. base address unknown) If any other mode of the
CALL Is selected. This need only be done once in the initialization
&ection of your program.

On entry the following parameters should be initialized:-

RD& a 0 (mod*)
SBASADRS - &H300 'f or example (I/0 address)
FLAGS - X (value does not matter)

thetn:-
CALL DasHI wMi, sAsADR%, FLAGS)

On return the variables contain data as follows:-

MDO a 0 (unchanged)
BASADRS - LH300 (Unchanged)

Th. following error codes apply to mode 0:-
FLAGS - 0 - no error, o.k.)

a 2 fmode number out of range, (0 or >17)
a 3 (base address out of range (255 or >1016)

Note that error 3 will occur if you have specified an 1/0 address
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that is less than 255 (Bex 1F) rr greater than 1016 (Hex 3F8). 1/0
addresses below Hex F? are all used internally by devices on the lam
P.C. system board and would always cause an address conflict with
DASH-8 and addresses above Bex 37F are not decoded on the IBM P.C.

3.4.2 MODE I - SET MULTIPLEXER SCAN LIMITS

Mode 1 is used to set the scan limits of the multiplexer
prior to performing conversions. Two limits are passed in a 2
element array variable LTS(l). LTS(0) contains the lower limit and
LTS(1) the higher limit. If mode 1 is not entered, the lower and
higher limits default to 0 and 7 respectively.

To illustrate the action of mode 1 assume we set LT%(0) a 3
and LTII1) a 6. The first conversion (commanded by modes 4 or 7)
would be performed on channel 3, data returned and the channel
increented to 4. The next conversion would be performed on channel
4, data returned and the channel incremented to S etc.. This would
continue until the conversion had been performed on channel 6 in
which case the multiplexer address would be reset to 3 ready for the
cycle to repeat. Scanning of channels would always be stepped
between and including channels 3 and 6.

If we wish to perform continuous conversions on one
channel, then set the low and high limits equal to each other and the
desired channel number e.g. setting LT9(0) a I and LT%(1) a I would
perform continuous conversions on channel 1.

Note that the starting channel number defaults to LTI(0).
the lower limit. If for example we had set our lower limit LTS(M) a
2 and our higher limit L011) n 5 and we wished to start scanning on
channel 4, then we would use mode 2 to set the multiplexer address
after setting the scan limits.

On entry the following parameters should be initialized:-

MD% a I (mode)
LTI(0) a 0 thru 7 (lower scan limit)
LT%(1) & 0 thru 7 (upper scan limit)
FLAGIS X (value does not matter)

then:-
CALL DASHS (MDI, LTt(O), FLAGS)

Note that specifying the first
element of the array will pass
all other required array
parameters.

On return the variables contain data as follows:-
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MD% - I (unchanged)
LTSIO) a 0 thru 7 (mujahanged)
LTS(1) - 0 thru 7 (unchanged)

The following error codes apply to mode I:-
FLAGS - 0 (no error, o.k.)

I 1 (base address unknown)
a 2 (mode number out of range, <0 or >17)
.4 Iscan limits out of range)

Error code 4 will be returned if either or both of the scan limits is
out of range i.e. <0 or >7 or their order is reversed a.e. lower
limit > upper limit.

3.4.3 DODE 2 - SET MULTIPLEXER ADDRESS

Rode 2 sets the starting multiplexer address ready for the
next conversion. Default value is zero.

On entry the following parameters should be initialized:-

MDI = 2 (mode)
CHO - 0 thru 7 (channel number)
FLAGS a X (value does not matter)

then: -

CALL DASH8 (KDe, CH%, FLAGS)

On return the variables contain data as follows:-

RD% a 2 (unchanged)
CHI - 0 thru 7 (unchanged)

The following error codes apply to mode 2:-
FLAGS - 0 (no error, o.k.)

1 (base address unknown)
* 2 (mode number out of range, <0 or >17)

5 5 (channel number out of range)

Error code 5 will be returned if you attempt to set the channel
address outside the scan limits. If mode I has not been used to make
an explicit declaration of these limits prior to entering mode 2,
they will default to 0 and 7. If limits were set by mode 1, then
these limits will apply.

.
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3.4.4 ODE 3 :READ MULTIPLEXER ADDRESS

Node 3 allows you to determine the current multiplexer

(channel) address.

On entry the following parameters should be initialized:-

ND% a 3 (mode)
Cut - X (value does not matter)

*1,G% a X (value Goes not matter)
then:-

CALL DASH8 (DIt, CiO, rLAGt)

On return the variables contain data as follows:-

RD% - 3 (unchanged)
CHO a 0 thru 7 (current channel number)

The following error codes apply to mode 3:-
FLAGt - 0 (no error, o.k.)

- I (base address unknown)
s 2 Imode number out of range, <0 or >17)

Note that if you are using any of the auto-incrementing modes 4,5 or
I, the multiplexer is incremented after the A/D conversion has been
started (while the samplelhold is in hold) and the ZOC (busy) signal
of the A/D is high. Reading the multiplexer address while a
conversion is in progress may yield an unexpected result. Before
reading the multiplexer address, it is good practice to check the
DASH-$ status register EOC bit if there is any doubt about the A/ID
act vity.

3.4.5 NODE 4 CONMAND SINGLE A/D CONVERSION AND INCREMENTNUtYTi;2fl( -

Node 4 initiates a sequence of actions:-

I - Starts a 12 bit AID conversion.
2 - After A/D has started and sample/hold is in hold, increments

multiplexer and checks whether scan limit exceeded. If so
sets to lower scan limit.

3 - Polls status to determine if A/D finished.
4 - Returns data in variable.

The A/ID will perform conversions on channels in accordance with the
conditions set in modes I A 2. if modes I & 2 have not been entered
prior to mode 4, conversions will start on channel 0 and the upper
scan limit will be channel 7.
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On entry the following parameters should be Initialized:-

NDt a 4 400d")
DOSr X (value does not matter)
FLAG% X Ivalue does not matter)

then:-
CALL DASH jIDI, DIOS. FLAGS)

On return the variables contain data as follows:-

NDt 4 (unchanged)
DIeO S data (converted data)

Note that If mode 17 has been enabled prior to entering mode 4,
returned data will be Otagged" with the channel address (see mode
17).

The following error codes apply to mode 4:-
FLAG& - 0 (no error, o.k.)

a1 (base address unknown)
a 2 (mode number out of range, <0 or >17)
a 6 (A/D timeout)

Error code 6 will only occur if the end of conversion signal (EC,
from the A/D remains nigh for more than 100 microseconds or stays low
after a conversion has been initiated. Either of these conditions is
indicative of a hardware fault and it is recommended that users
replace the AID converter I.C. (ADS74A) as a first step in attempting
correction. A normal A/D conversion should not take more than 35
microseconds.

3.4.6 MODE 5 - DO N CONVERSIONS ON TRIGGER AND TRANSFER TO AMY
VXT - - -

Node S is an expanded version of mode 4 except that a
whole sequence or scan of conversions is initiated by a high input on
IPI. Once the scan has been started, the rate at which conversions
are performed is set by Counter 2. A number (N) conversions specified
at entrance to the CALL are performed and transferred to any
specified integer array ARRAYt(N) which should be dimensioned to have
a number of elements not less than N. No error checking is performed
to determine whether sufficient elements of the array exist to absorb
the number of conversions programmed. If this is not so, bizarre
results may ensue!

The interrupt handshake flip-flop on the DASH-8 board is
used to acknowledge trigger inputs in this mode although the
conversions are not interrupt driven. Node S will perform a maximum
of about 4000 conversions/sec. although some conversions may be
delayed by the timer interrupt of the IBM P.C.. If you wish to
trigger at a programmable time interval set by Counter 2 then:-
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8.2 CALIBRATING THE A/D

The only user adjustments on DASH-$ are 2 trimmer
potentiometers that control the A/D - and * Pull Scale. The A/D
output should be observed (CALDASHB.BAS does this) while applying a
known calibration voltage to any or all analog input channels.
Briefly the adjustment sequence is:-

2. Apply an analog input of -4.9988v and adjust the -F.S. pot
so that the output flickers between -2048 & -2047. This
pot is marked R2 on the DASH-S board and the righthand one.

2. Apply an analog input of *0.0012v and adjust the *r.S. pot
so that the output flickers between 0 and *1. This pot is
is marked RI and is the lefthand. You can check the *F.S.
with a *4.9963v input which should produce a reading of
'2046/2047. If there is a slight error e.g. I count you
can alternate between *0.0012 & *4.9963v inputs and adjust
for the beat compromise.

Adjustments are done on "half" bit intervals to obtain a
reading flickering about 50/50 between two adjacent values. This is
more precise than applying center bit values such as -5.O000v,
0.O000v etc. and performs a better calibration.
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&.1 MAIN 1,0 COINCWOR

The main analog and digital 1/0 Is via a 37 pin D type
connector that projects through the computer case at the rear of the
board. The pin functions are as follows (see Fig A.2 for
locations) :-

Fly F IO NUcT~o

1 #12v *12v power supply from P.C.
buss (observe loading
limits)

2 CLIO 8253 Counter 0 clock input

3 OUO 8253 Counter a output

4 CLKI 8253 Counter I clock input

S OUTI 3253 Counter I output

--- s OUT2 3253 Counter 2 output

7 OP1 Digital output #1

8 OP2 Digital output 02

9 OP3 Digital output 03

10 OP4 Digital output 04

11 DIG.COM. Digital Common. Return
for all logic signals and
power supply currents.
Connected to computer frame.

12 L.L.GND.
13 L.L.GND.
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14 L.L.GUD. Low level grounds.
15 L.L.GND. These are common returns
26 L.L.GND. and shields for the analog
17 L.L.GND. input channels.
13 L.L.GND.

19 VREF *l0.00v(+/-0.lv) precision
reference voltage from A/D.

20 -12v -12v power from P.C. buss.
(observe loading limits).

21 GATEC 8253 Counter 0 gate input

22 GATE0 8253 Counter I gate input
23 GATE2 8253 Counter 2 gate input
23 GATE2 5253 Counter 2 gate input

24 INT. IN. Interrupt input. Positive
edge triggerred input.

25 IP1 Digital input #1

26 1P2 Digital input 02

27 1P3 Digital input 03

28 DIG. COm. Digital common. (same as
pin 11).

29 *Sv *5v power from P.C. buss
(observe loading limits).

30 ZN 7 Channel 07 analog input

31 IN 6 Channel 06 analog input

32 IN 5 Channel 05 analog input

33 IN 4 Channel 04 analog input

34 IN 3 Channel 13 analog input

35 ZN 2 Channel 02 analog input

36 IN I Channel 1 analog input

37 IN 0 Channel 00 analog input

The mating connector for DASCON-l is a standard 37 pin D
type female such as ITT/Cannon #DC-37S for soldered connections.
Insulation displacement (flat cable) types are readily available
e.g. Amp 0745242-1.

- 77-
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A.2 REAR VIEW 0F DASH-S CONNECTOR

Vref 19
37 ANA=O IN 0

L.L.GD. 18

L.L.GND. 17
35 ANALOG IN1 2

L.L.GNKD. 16
34 ANA= 1* 3

L.L.GND. 15 > amlog sigml Inputs
33 ANALOG IN A (sme L.L.01D). for reotmrr)

32 ANUMO IS 5
L.L.MD. 13 31 AJALOG IN 6
L.L.GND. 12

30 ANALOG IN 7
DG. CM. 11

29 *S5v
K014 10

25 DIG. am.

igitl < 23 9 IM
outputs OP2 a 2 >Dita

OPI 7 Imts

25.'r, IN
24 IMRDUPT INM Note:

CTI. 1 OUT 5 Sv,.*12v 9 -12v
23 T. 2 GATE are outputs from

C!R. I CLO A coumpeter power
22 C. I GATE wmdhould not

CMI. 0OUT I 3 be overloaded.
21 CT. 0 GATE

Cr1. 0 CLOCK 2
20 -12v

+12v [

uS. A.I: R,.j, view of W)O connector (37 pin "D" type. si-)
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Appendix a

SPCIFICATIONS

5.1 POWER CONSUMPTION

*Sv supply - 10?MA typ. / iS0AA max.
+12v supply - mA typ. / L max.
-12v supply - bmA typ. I 16mA max.

5.2 ANALOG INPUT SPECIFICATIONS

I analog input channels each with the following specification:-

Resolution - 12 bits. (2.4mV/bit)

Accuracy - 0.01 of reading #/-I bit.

Full scale - .- S volts

Coding - Offset binary

Overvoltage - Continuous single channel to */-35v

Configuration - Single ended.

Input current - lO0A max at 25 deg.C.

Temperature - Gain or F.S., */-2Sppm/deg.C. max.
Coefficient Zero. */-10 microvolt/deg.C. max. N.,

- 7 -
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5.3 A/D SPECIFICATION

Type - Successive approximation.

Resolution - 12 bits

Conversion - 25 microseconds typ.
time. 35 microseconds max.

Nonotonicity - Guaranteed over operating temperature range.

Linearity - */-I bit.

Zero drift - lOppm/deg. C. max.

Gain drift - 50 ppm/deg. C max.
(30 ppm/d*q C. available to special order)

3.4 SANPLE HOLD AMPLIFIER

Acquisition - 15 microsecs to 0.011 typ.
time for full scale step input

Dynamic - 1 bit (2.44mV) 0 2000v/sec.
sampling error

5.5 REFERENCE VOLTAGE OUTPUT

Reference - *10.0v ./- 0.lv
voltage

Temperature - So ppm/deg.C max.
coefficient (30 ppe/deg.C available to special ordwer)

Load current - */-2mA max.

- 00 - l
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5.6 DIGITAL 1/0

OPl-4 output - 0.Sv max at Isank a $.0mA
low voltage

OPI-4 output - 2.7v min at Isource u -0.4mA
high voltage

IPI-3 input - 0.8v max
low voltage

IPI-3 input - -D.4mA max
low current

IPI-3 input - 2.Ov min
high voltage

IP-3 input - 20uA max. * 2.7v
current

B.7 INTERRUPT INPUTS

Type - Positive edge triggered

Level - 2 - 7 jumper selectable

Enable - Via INTE of CONTROL register 
.% %

Interrupts are latched in an internal flip-flop
on the DASH-8 board. The state of this flip-flop
corresponds to the INT bit in the STATUS register.
Flip-flop is cleared by a write to the CONTROL
register. Service routines should acknowledge
and re-enable interrupt flop.

I or
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5.8 COUNTER/TIMER

Type - 8253-5 programmable interval
timer

Counters - 3 down counters, 16 bit.

Output drive - 2.2mA 0 0.45v
capability (5 LSTTL loads)

Input, gate - ?TL/DTL/CNOS compatible
& clock load 0/-10 uA current

Max. input - Not less than 2.6NHz
clock freq. (may vary with manufacturer)

Active count - Negative
edge

Minimum clock - 23OnS high / 150n5 low
pulse widths

For additional information on programing
see Chapter 4.

5.9 POWER OUTPUTS

IBM P.C. buss - *Sv & */-12v
supplies

Tolerance - #Sv */-5%
*12v */-St
-12v */-10%

Loading - Dependent on other peripherals
(see Section 7.7)

-82 -
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3.10 GENERAL ENVIRONMENTAL

Operating - 0 to So deg. C.
temperature
range.

Storage - -20 to *70 deg.C.
temperature
range

Humidity - 0 to 901 non-condensing.

weight - 4 oz. (120 9m.)

- 83 -
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Appendix C

STORAGE OF INMTS VARIABLES

Date is stored in integer variables It type) In 2's
complement form. Zach integer variable uses 16 bits or 2 bytes of
memory. 16 bits of date is equJvu'lent to values from 0 to 6S,535
decimal, but the 2's complement convention Interprets the most
significant bit as a sign bit so the actual range becomes -32,768 to
*32,767 (a span of 6553S). Numbers are represented as follows:-

High byte 1!ow byt

D7 D6 DS D4 D3 02 D DO D7 D6 DS D4 D3 D2 D1 DO

#32,767 0 21 1 1 1 1 1 2 1 1 1 1 1 2 1

.10.000 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0 0

1 0 0 0 0 0 0 00 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-I 111 I I 1 11 1

-10,000 1 1 1"1 1 0 0 1 i 1 0 0 00

-32,760 1 0 0 00 0 00000

Sign bit
1 if negative* 0 if positive

Integer variables are the most compact form of storage for the 12 bit
data from the A/D converter and 16 bit data of the 82S3 interval
timer and so to conserve memory and disk space and optimise execution
speed, all data exchange via the CALL is through integer type
variables. This poses a programming problem when handling unsigned
numbers in the range 32,768 to 65,535.

If you wish to input or output an unsigned integer greater
than 32,767 then it is necessary to work out what Its 2's compliment
signed equivalent is. As an example, assume we want to load a 16 bit
counter with S0,000 decimal. An easy way of turning this to binary
is to enter BASIC and execute PRINT NEX$(S0000). This returns C350
or binary:-

- 84 -
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DAC-02 KANAL

1.1 Description

The DAC-02 consists of 2 separate double buffered 12 bit
multiplying D/A channels plus interface circuitry. The D/A
converters may be used with a fixed D.C. reference as
conventional D/Als. On board references of -Sv and -10v are
provide output ranges of 0-5v. 0-10v, */-Sv and */-10v and 4-20mA
for process control current loops. Alternatively, the D/Als may
be operated with a variable or A.C. reference signal as
multiplying D/A's, the output is the product of reference anddigital inputs. With an A.C. reference, the unipolar outputs
provide 2 quadrant multiplication and the bipolar outputs provide
4 quadrant operation. 12 bit accuracy is maintained up to 1Kz.

Since data is 12 bits, data is written to each D/A in 2
consecutive bytes. The first byte is the least significant and
contains the 4 least significant bits of data (.me Section 1.4
for format). The second byte is the most significant and contains
the most significant I bits of data. The least significant byte
is usually written first and is stored in an intermediate
register in the D/A, having no effect on the output. When the
most significant byte is written, its data is added to the stored
least significant data and presented ObroadsideO to the D/A
converter thus assuring a single step update. This process is
known as double buffering.

The DAC-02 is packaged on a 50 long Ohalf-slotI board
suitable for use in all models of IBM P.C.'s (including the
portable) and all compatibles including the T.I. Professional.
The DAC-02 is addressed as an 1/0 device using 8 1/0 locations
and may have its 1/0 address set by means of an on-board DIP
switch to any 8 bit boundary in the 255-1023 (decimal) 1/O
address space. The board uses the internal *Sv, *12v and -12v
computer supplies and consumes 8S0 milli-vatts of powar.

1.2 1/o Map

The DAC-02 requires 8 consecutive addresses in 1/0 address
space. The locations of the D/A registers is as follows:-

Base Address * 0 - D/A #0 Low byte
* I - D/A #0 High byte

e 2 - D/A 11 Low byte
* 3 - D/A l1 High byte

The next 4 addresses are redundant and repeat the above
pattern and can be ignored in programming:-

base Address * 4 - D/A 00 Low byte
** I - D/A 0O High byte
* " 6 - D/A #1 Low byte

7 " . 7 - D/A 01 High byte

1 U
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1.3 installation

Before installing the DAC-02 in your computer's peripheral
expansion slots, set the BASE ADDRESS switch to a suitable 1/0
address that will not conflict with any of your other peripheral
boards. Certain 1I/Oaddresses have been reserved by IBM and may
be in use in Your €o~puter. These are as fol lows:-

Address Hex Range Device

000 - OFF Internal syster board 1/
200 - 20F Game 1/0 adapter
278 - 27F Reserved
2F6 - 2FF Reserved
320 - 32F Hard disk controller (XT only)
378 - 37F Parallel printer port
3B0 - 3BF Monochrome display
3F0-- 3F7 *FLu.py disk controller
3F8 - 3FF Asynchronous communications 1/O

Unless you are using the IBM prototype board which uses
addresses in the range 300 - 31F hex, a simple choice of base
addzess for the DAC-02 would be 300 hex. The DAC-02 board wil l
then occupy I/O addresses 300 - 307. The setting for the BASE
ADD ESS switch is shown below:-

BASE ADDRESS
9 8 7 6 5 I 3

ON base address shown
set to £1H300
(768 decimal)

Address Decimal
l t . Equivaleat

A3a
A4 16

A5 32
Ab 6

A7 128

As 256

A9 512

Note that a switch in the ON position corresponds to a zero, and
in the OFF position corresponds to the binary weight of the
corresponding address bit (512, 256, 126, 64. 32. 16, 3). The
base 1/0 address is the sum of all the OFF switch address bits.

, - . -/'.", ,.,.", ,.".",". , Y .. ","/ .:.;;.:. ... '."''-.' .''..'',2
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After setting the BASE ADDRESS switch the bpard should be
instal led in the computer. turn of the power on your computer
before removing or lnstalling amy board. Remove a vacant back
plate, engage and push home the DAC-02 in the 62 pin edge
connector and secure the back plate with the screw that you just
removed. Turn on the computer power and boot-up should be normal.

If there is any problem with boot-up or subsequent operation
of the DAC-02 or other peripheral boards, most likely you chose
an i/0 address that conflicts with another peripheral device. in
this case, change the BASE ADDRESS switch setting and try again.

The program INSTALL.BAS on the DAC-02 software disk will
assist you in setting the BASE ADDRESS switch correctly. Load
BASICA and then type RUPOINSTALL.

1.4 Data Format

Data format for the D/A registers is as follows:-

Low byte: D7 D6 D5 D4 D3 D2 D1 DO

Base * 0 or 2 B9 510 312 512 x x X x
(LSB) (x e don't care)

Bioh byte: D7 D6 DS 04 03 D2 D1 D0

base * I or 3 BI 52 B3 B4 BS S6 57 US
(KSB)

Writing the low byte stores It in an intermediate register.
Writing the high byte loads the D/A with both the high byte and
the stored low byte data. For S bit operation, first write zero
to the low byte and all further operations may then be performed
with the high byte only.

Assembly language programmers should note that if data is left
justified, 16 bit output operations may be used le.g. OUT DX, AX)
as the data sequence is conventional Intel Low/Bigh byte.

1.5 Program-ing

No special software Is provided with the DAC-02 as
programming is simple with i/0 output instructions in whatever
application language is used.

The f ollowing example shows how to output data in BASIC. it
is readily *translatable* to other languages. Since the D/A's
have 12 bit resolution, data D should be in the range 0- 4095
decimal. First split the data into 2 bytes DLt (low) and
DM% (high):-

xxx00 DM% - INT(D/16) 'generate high byte
xxxl0 DL% a D - 169Dt 'derive remainder in low byte
xxx20 DLI - 16 * DLI 'shift low nybble4 places left

3%

% % % % Ne



Hydraiwlic Press Control
Page 127?

Next write the data to the D/A. The example assumes D/A 00 with a
board base address of bex 300:-

K=30 OUT &K300, 0LS 'low byte
0xx4 OUT 49301, M11 'high byte sad load

For a working example of programming in SASIC, list and run the
program PROG.ZAS on the DAC-02 software disk.

An assembly laqnguage routine is even simpler. Assume AX
contains the date and DX has the board 1/O address. To write to
D/A t0:-

NOV CL.4 iset up for 4 left shifts
SAL AX,CL ;left )ustify data
OUT DX,AX ;write to D/A 00

1.6 Selecting Output Ranges

The operating output range Is selected by jumpering pins on
the rear D connector mating half. The various ranges are selected
as fol lows:-

RANGE JUNPER PINS OTU

0 - *Sv D/A 00: 21 to 22 Pin 24
D/A 01: 15 to 16 Pin 18

0 - *lov D/A t0: 20 to 22 Pin 24
D/A #1: 14 to 16 Pin I

-/05v D/A 00: 21 to 22 Pin 23
D/A 01: 15 to 16 Pin 37

-/'lov D/A 10: 20 to 22 Pin 23
D/A #1: 14 to 16 Pin 17

4-20mA D/A 00: 21 to 22 Pin 25
D/A 1: iS to 16 Pinl t

A.C. Ref. D/A 00: Input on pin 22 Pin 24 (2 quadrant)
* Pin 10 4 quadrant)

D/A #1: input on pin 16 Pin 23 (2 quadrant)
* Pin 17 14 quadrant)

Low level ground connections (common) can be made to any of the
pins 2 thru 12.

For unipoler outputs 0 - Sv. 0 - lOv and 4 - 20mA data codiq is
true binary. Due to the analog inversion in the bipolar output
ranges. -/oSv and -/*10v, data coding Is complementary offset
binary I.e. zero digital corresponds to 'Pul IScale analog and
4095 digital corresponds to -Full scale analog.

4
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1.7 4-20mA Current Loop Output

The 4 - 2OmA current loop output consists of a precision ,
current sink formed by a VNOS power F.E.T. and reverse protection
diode as shown below:-

- 20A output

Unipolar output (pie 19 9 25)

M oL. L W.
(pin 2 - 12)

A minimum voltage of I volts must be maintained across this
output circuit to insure correct operation. The maxmum voltage
should not exceed 36 volts for power dissipation reasons. & 24v
or 36v loop supply is ideal. There are 2 ways of connecting the
process loop. grounded load with floating supply or floating load
with grounded supply. Obviously the second method &I lows many
loops to be powered by the same supply but constrains the load to
be 2 wire floating. The alternative connections are shown below:-

TO
other

7 yFlotining loops

supply Supplyl
load

Frame 9 line Snd.

'

5'
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1.8 Use with A.C. Reference (Digital Attenuator)

Apart from its uses as a stnooro u.C. output D/A, the DAC-
02 can be used with a bipolar or A.C. reference signal. The
equivalent circuit when used in this mode is shown below:-

op~lAh Ssoeha ifeen.Ifte upu s •en otu Jhe

tpOlR aupt, lop dat prto L band ic h

bioa otu, h ffe agtlInu a eUneipvl ba.

output

With an A.C. reference, the cubtemary terminology of
operation s somewhat different. if the output is taken from the
unipolar outputs, 2 quadrant operation is obtained since the

reference which may be positive or negative is multiplied with a
positive only digital signal. If the output is taken from the
bipolar output, the offset digital input can effectively be
positive or negative which together with the possible positive or
negative states of the reference results in 4 quadrant operation.

Two other parameters are of interest in A.C. operation. The
first is feedthrough, the amount of residual signal at digital
zero. The feedthrough which is mainly a function of stray0

capacitance rises with frequency. At 1OKhz at is typically SmV
peak - peak with a */-Sv reference. The second parameter that is

a limit at a lower frequency, is the accuracy/frequency
characteristic. Due to distributed capacitance in the R-2R ladder
network, the full 12 bit performance of the D/A fails off as the
frequency rises. Above about Ii the dynamic performance of the
D/A will be less than 12 bit accurate.

The DAC-02 vill perform well in synchro-digital and resolver

applications for sine/cosine generation with 400 Hz reference.

".
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1.9 Connections

A rear view of the 25 pin D connector is shown below. The
DAC-02 board has a female D25 socket and a D125P solder cup plug
is required to make connections (Netrabyte part 0 SNC-2S).
Usually only 3 or 4 wires ID/A outputs and ground) will be
required for connections. so that a multi-wire flat cable is not
required. (Note; 25 pin D connectors are identical to RS-232C
connectors). Output zange selection is controlled by 3uspering
pins on the plug body as described in Section 1.6.

Dig. Cox. I
14 -1Ov. Reference
15 -Sv. Reference

3
161 0/A 01 Reference input4f
171 D/A 11 lipolar Output

is D/A 01 Unipolar Output
6

Low 19 D/A 01 4-20mA Output
Level 7
Grounds 20 -10v. Reference

I

21 -Sv. Reference
9

22 D/A 00 Reference Input
10

23 D/A 00 Dipolar Output
11

24 D/A 00 Unipolar Output
12

25 D/A 00 4-20&A Output

* Sv power from the computer is supplied on Pin 13. If you
use this power avoid shorting or overloading of the computer
power supply.

7p

i'
4.
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2.0 Specifications

*5v supply: 75MA typ.. lOOmAh Max.
-5v supply: Not used
*12v supply; ISmA typ.. 25&A max.
-12v supply: 25mA typ., 35&A ax.

Total power dissipation: 0.35 watt typical.

OUTPUT 3AUG35
Channels: 2

1/O address: DIP switch selected on any a bit
boundary.

Resolution: 12 bits (1 part in 4095)

Relative accuracy: 1/2 L.SD (0.01%) max.

Differential linearity: 1/2 LS3 max.

Fixed reference ranges: 0 to .Sv (unipolar)
o to 010V lunipolar)
*I-Sv (bipolar)
*/-10v (bipolar)
4-2OmA current loop

Variable reference ranges: */1iC (2 or 4 quadrant)

Reference input resistance: 7Kohn msin., 11Kohm typ., 2OKohm max.

Voltage output imp~edance: < 0.1 ohs max.

Voltage output: *l-5mA min.
drive current

4-2OmA compliance: I - 36V
(for current loop)

Temperature coefficient: */-25 ppM/d*9.C. (with reference)
of gain */-5 ppm/deg.C. lexternal ref.)

Zero drift: */-3 ppM/deg.C

Operating temperature: 0 - 70 deg.C.

Storage temperature: -55 to #125 deg.C.

Humidity: 0 - 951 non-condensing

"eight: 4 oz. (120 9)
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Effrece, Frank Jr., 2Lt, USAF, MS., June 1927, Mech. Engr.

Ohio University

The Dynamic Controls of a Hydraulic Press ty Controlling

the Pump Motor. (132pp.)

Director of Thesis: Dr. Kenneth R. Halliday

Because of the need to control power. a research

project to control a 25 ton Walbash hydraulic press was

undertaken. A pump-motor control scheme was selected to

control this press, after considering adaptability, cost,

and time response of the system, over a servo valve control

system.

The analytical analysis of the pump-motor contro!

scheme assumed linear characteristics for the press ano

motor which lead to a differential equation to describe the

system:

J d V (t) / K K K I K K
r ..Ap i ' v t} - i e(t) [1-3

K h d t R a R K h rh a a h A a

where J is the inertia, R is the armature resistance. k
a

is the stall torque of the motor. Kh is the proportionalit\

constant of the press, K is the motor controller constant,p

K is the position transducer constant, Vr is the velozitv

of the ram, and e(t) is the input signal to the control

System.

The actual control system was installed on the Walbash

Dress us:ng analog to digital and digital tc anaICc,

-~ -. ,. . Ile
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converters for computer linking. The control system

produced a completely computer controlled press, except for

the extra functions of the press, such as temperature

control, which were not disturbed.

The control system worked satisfactory but not without

a number of probl-ms: numerical differentiation errors,

magnitude of the velocity instabilities, and hydrauiic

inconsistencies. The press's futures is dependent on the

user's tclerance to these errors.

Ap proved

- p.. . . . . . .
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